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- Notes regarding these materials - 

• These materials are intended as a reference to assist our customers in the 
selection of the Mitsubishi semiconductor product best suited to the 
customer’s application; they do not convey any license under any 
intellectual property rights, or any other rights, belonging to Mitsubishi 
Electric Corporation or a third party. 

• Mitsubishi Electric Corporation assumes no responsibility for any damage, 
or infringement of any third-party’s rights, originating in the use of any 
product data, diagrams, charts or circuit application examples contained in 
these materials. 

• All information contained in these materials, including product data, 
diagrams and charts, represent information on products at the time of 
publication of these materials, and are subject to change by Mitsubishi 
Electric Corporation without notice due to product improvements or other 
reasons. It is therefore recommended that customers contact Mitsubishi 
Electric Corporation or an authorized Mitsubishi Semiconductor product 
distributor for the latest product information before purchasing a product 
listed herein. 

• Mitsubishi Electric Corporation semiconductors are not designed or 
manufactured for use in a device or system that is used under 
circumstances in which human life is potentially at stake. Please contact 
Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor 
product distributor when considering the use of a product contained herein 
for special applications, such as apparatus or systems for transportation, 
vehicular, medical, aerospace, nuclear, or undersea repeater use. 

• The prior written approval of Mitsubishi Electric Corporation is necessary to 
reprint or reproduce in whole or in part these materials. 

• If these products or technologies are subject to the Japanese export 
control restrictions, they must be exported under a license from the 
Japanese government and cannot be imported into a country other than 
the approved destination. 

Any diversion or reexport contrary to the export control laws and 
regulations of Japan and/or the country of destination is prohibited. 

• Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi 
Semiconductor product distributor for further details on these materials or 
the products contained therein. 
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1/3 


A MITSUBISHI 
ELECTRIC 






















MITSUBISHI LSIs 

CONTENTS 


Di6M dram (5V Version) Pa„ 

M5M416100BJ,TP-5,-6,-7 

Fast Page Mode 16777216-Bit (16777216-Word by 1-Bit) Dynamic RAM-.4-3 

M5M416400BJ,TP-5,-6,*7r5S,-6S,-7S 

Fast Page Mode 16777216-Bit (4194304-Word by 4-Bit) Dynamic RAM.. -4-22 

M5M416400CJ,TP-5,-6,-7,-5S,-6S,-7S 
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Fast Page Mode 16777216-Bit (1048576-Word by 16-Bit) Dynamic RAM ..- 4-218 

M5M418160BJ,TP-6,-7,-68,-78 

Fast Page Mode 16777216-Bit (1048576-Word by 16-Bit) Dynamic RAM. -••4-248 

M5M418165BJ,TP-6,-7,-6S,-78 
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M5M418165CJ,TP-5,>6.-7,-58.-68,-78 
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M5M4V16400BJ,TP-6.-7,-68,-78 
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M5M4V16400CJ.TP-5,-6,-7,-58,-68,-78 
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M5M4V16405CJ,TP-5,-6,-7,-58,-68,-78 

Hyper Page Mode 16777216-Bit (4194304-Word by 4-Bit) Dynamic RAM. 5-44 

M5M4V17400BJ,TP-6,-7,-68,-78 

Fast Page Mode 16777216-Bit (4194304-Word by 4-Bit) Dynamic RAM. 5-68 
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M5M4V17400CJ,TP-5,-6.-7,-5S,-6S,-7S 
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Fast Page Mode 16777216-Bit (2097152-Word by 8-Bit) Dynamic RAM •••••••••••••••••••• 5 - 133 

M5M4V17800CJ,TP-5,-6,-7,-5S,-6S,-7S 

Fast Page Mode 16777216-Bit (2097152-Word by 8-Bit) Dynamic RAM-..5-154 
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M5M4V16165BTP-6,-7,-68,-7S 

Hyper Page Mode 16777216-Bit (1048576-Word by 16-Bit) Dynamic RAM..5-259 
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■ 4M-Bit DRAM [SV Version^ 


Memory 

capacity 

Configuration 
(Word X Bit) 

Function mode 

Access 

time 

Metx 

(ns) 

Power 
dissipation 
Typ (mW) 

Type name 

Package 

outline 

Page 




60 

400 

M5M44100BJ-6 

26P0J 




Fast Page 

M5M44100BTP-6 

26P3Z-E 




70 

350 

M5M44100BJ-7 

26P0J 





M5M44100BTP-7 

26P3Z-E 

2-3 




60 

400 

M5M44100BJ-6S 

26P0J 



Fast Page 

Self-Refresh mode 

Low Power 

M5M44100BTP-6S 

26P3Z-E 




70 

350 

M5M44100BJ-7S 

26P0J 





M5M44100BTP-7S 

26P3Z-E 





50 

500 

M5M44100CJ-5 

★★ 

26P0J 



4M X 1 


M5M44100CTP-5 


26P3Z-E 



Fast Page 




★ 

26P0J 




1 M5M44100CTP-6 

★ 

26P3Z-E 


1 



1 

70 

350 


★ 

26P0J 





M5M44100CTP-7 

★ 

26P3Z-E 

2-27 




50 

500 

M5M44100CJ-5S 

★★ 

26P0J 



Fast Page 

Self-Refresh mode 

Low Power 

M5M44100CTP-5S 

★★ 

26P3Z-E 




60 

400 


★ 

26P0J 




M5M44100CTP-6S 

★ 

26P3Z-E 




70 

350 

M5M44100CJ-7S 

★ 

26P0J 


4M 



M5M44100CTP-7S 

★ 

26P3Z-E 




60 

400 

M5M44400BJ-6 

26P0J 




Fast Page 

M5M44400BTP-6 

26P3Z-E 




70 

350 

M5M44400BJ-7 

26P0J 





M5M44400BTP-7 

26P3Z-E 

2-49 






M5M44400BJ-6S 

26P0J 



Fast Page 

Self - Refresh mode 

Low Power 

M5M44400BTP-6S 

26P3Z-E 




70 

i 

! 350 

M5M44400BJ-7S 

26P0J 




M5M44400BTP-7S 

26P3Z-E 





50 

500 

M5M44400CJ-5 

★★ 

26P0J 



1M x4 


M5M44400CTP-5 

★★ 

26P3Z-E 



Fast Page 

60 

i- 

400 

M5M44400CJ-6 

★ 

26P0J 




M5M44400CTP-6 

★ 

26P3Z-E 





70 

350 

M5M44400CJ-7 

★ 

26P0J 






★ 

26P3Z-E 

2-73 




50 

500 

M5M44400CJ-5S 

★★ 

26P0J 



Fast Page 

Self-Refresh mode 

Low Power 

M5M44400CTP-5S 

★★ 

26P3Z-E 




60 

400 


★ 

26P0J 





★ 

26P3Z-E 




70 

350 


★ 

26P0J 





M5M44400CTP-7S 

★ 

26P3Z-E 



★ : New product ★★ ; Under development 
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■ 4M-BltDRAM [SV Version) (Cont.) 


Memory 

capacity 

Configuration 
(Word X Bit) 

Function mode 

Access 

time 

Max 

(ns) 

Power 
dissipation 
Typ (mW) 

Type name 

Package 

outline 

Page 




50 

450 

M5M44800CJ-5 

★★ 

28P0K 





M5M44800CTP-5 

★★ 

28P3Y-H 




Fast Page 

60 

375 

M5M44800CJ-6 

28P0K 




M5M44800CTP-6 

28P3Y-H 





70 

325 

M5M44800CJ-7 

28P0K 



512Kx8 


M5M44800CTP-7 

28P3Y-H 

2-96 



50 

450 

M5M44800CJ-5S 

★★ 

28P0K 



Fast Page 

Self-Refresh mode 

Low Power 

M5M44800CTP-5S 

★★ 

28P3Y-H 




60 

375 

M5M44800CJ-6S 

28P0K 




M5M44800CTP-6S 

28P3Y-H 




70 

325 

M5M44800CJ-7S 

28P0K 





M5M44800CTP-7S 

28P3Y-H 





50 

625 

M5M44260CJ-5 


40P0K 





M5M44260CTP-5 

★★ 

44P3W-L 




Fast Page 

60 

550 

M5M44260CJ-6 

40P0K 




M5M44260CTP-6 

44P3W-L 





70 

475 

M5M44260CJ-7 

40P0K 


4M 



M5M44260CTP-7 

44P3W-L 

2-117 



50 

625 

M5M44260CJ-5S 


40P0K 



Fast Page 

Self-Refresh mode 

Low Power 

M5M44260CTP-5S 


44P3W-L 




60 

550 

M5M44260CJ-6S 

40P0K 




M5M44260CTP-6S 

44P3W- L 




70 

475 

M5M44260CJ-7S 

40P0K 



256K X16 


M5M44260CTP-7S 

44P3W-L 




50 

625 

M5M44265CJ-5 

★★ 

40P0K 





M5M44265CTP-5 


44P3W-L 




EDO 

60 

550 

M5M44265CJ-6 

40P0K 




(Hyper Page) 

M5M44265CTP-6 

44P3W-L 





70 

475 

M5M44265CJ-7 

40P0K 





M5M44265CTP-7 

44P3W-L 

2-146 




50 

625 

M5M44265CJ-5S 

★★ 

40P0K 



EDO 

M5M44265CTP-5S 

★★ 

44P3W- L 




(Hyper Page) 

60 

550 

M5M44265CJ-6S 

40P0K 




Self-Refresh rnode 

M5M44265CTP-6S 

44P3W-L 




Low Power 

70 

475 

M5M44265CJ-7S 

40P0K 





M5M44265CTP-7S 

44P3W- L 



: Under development 
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■ 4M-Bit DRAM C3.3V Version] 


Memory 

capacity 

Configuration 
(Word X Bit) 

Function mode 

Access 

time 

Max 

<ns) 

Power 
dissipation 
Typ (mW) 

Type name 

Package 

outline 

Page 

4M 

1M x4 

Fast Page 

60 

180 

M5M4V4400.TP-6 

26P3Z-E 

3-3 

Low Voltage 

70 

160 

M5M4V4400TP-7 

26P3Z-E 

(Vcc = 3.3 ± 0.3V) 

80 

130 

M5M4V4400TP-8 

26P3Z-E 

Fast Page 

60 

180 

M5M4V4400TP-6S 

26P3Z-E 


Low Power 

70 

160 

M5M4V4400TP-7S 

26P3Z-E 


Low Voltage 
(Vcc = 3.3 ± 0.3V) 

80 

130 

M5M4V4400TP-8S 

26P3Z-E 

512Kx8 

Fast Page 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

70 

190 

M5M4V4800TP-7 

28P3Y-H 

3-25 

80 

160 

M5M4V4800TP-8 

28P3Y-H 

Fast Page 

Self-Refresh mode 

Low Power 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

70 

190 

M5M4V4800TP-7S 

28P3Y-H 

80 ^ 

160 

M5M4V4800TP-8S 

28P3Y-H 


Fast Page 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

60 ! 

230 

M5M4V4800CTP-6 ★★ 

28P3Y-H 

3-47 


70 

200 

M5M4V4800CTP-7 ★★ 

28P3Y-H 

Fast Page 

Self-Refresh mode 

Low Power 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

60 

230 

M5M4V4800CTP-6S ★★ 

28P3Y-H 

70 

200 

M5M4V4800CTP-7S ★★ 

28P3Y-H 


256KX16 

Fast Pa^ 

2CAS.1W 

512 Refresh Cycle 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

70 

300 

M5M4V4260TP-7 

44P3W-L 

3-68 


80 

260 

M5M4V4260TP-8 

44P3W-L 

Fast Pa^e 

2C^.1W 

Self-Refresh mode 

Low Power 

512 Refresh Cycle 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

1 

i 

j 300 

M5M4V4260TP-7S 

44P3W-L 

80 

260 

M5M4V4260TP-8S 

44P3W-L 


Fast Page 

60 

333 

M5M4V4260CTP-6 ★★ 

44P3W-L 

3-98 

(Vcc = 3.3 ± 0.3V) 

70 

290 

M5M4V4260CTP-7 ★★ 

44P3W-L 


Fast Page 

Self-Refresh mode 

60 

333 

M5M4V4260CTP-6S ★★ 

44P3W-L 

Low Voltage 
(Vcc = 3.3 + 0.3V) 

70 

290 

M5M4V4260CTP-7S ★★ 

44P3W-L 


EDO (Hyper Page) 

60 

333 

M5M4V4265CTP-6 ★★ 

44P3W-L 

3-127 

(Vcc = 3.3 ± 0.3V) 

70 

290 

M5M4V4265CTP-7 ★★ 

44P3W-L 

EDO (Hyper Page) 

Self-Refresh mode 

60 

333 

M5M4V4265CTP-6S ★★ 

44P3W-L 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

70 

290 

M5M4V4265CTP-7S ★★ 

44P3W-L 



★★ : Under development 
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■ 16M-Bit DRAM [SV Version] 


Memory 

capacity 

Configuration 
(Word X Bit) 

Function mode 

Access 

time 

Max 

(ns) 

Pcwer 
dissipaticn 
Typ (mW) 

Type name 

Package 

outline 

Page 




50 

495 

M5M416100BJ-5 

★★ 

26P0D-B 





M5M416100BTP-5 

★★ 

26P3D-E 



16M X 1 

Fast Page 

60 

405 

M5M416100BJ-6 

26P0D-B 

4-3 


4K Refresh Cycle 

M5M416100BTP-6 

26P3D-E 




70 

340 

M5M416100BJ-7 

26P0D-B 





M5M416100BTP-7 

26P3D-E 





50 

495 

M5M416400BJ-5 

★★ 

26P0D-B 





M5M416400BTP-5 

★★ 

26P3D-E 




Fast Page 

60 

405 

M5M416400BJ-6 

26P0D-B 




4K Refresh Cycle 

M5M416400BTP-6 

26P3D-E 





70 

340 

M5M416400BJ-7 

26P0D-B 





M5M416400BTP-7 

26P3D-E 

4-22 




50 

495 

M5M416400BJ-5S 

★★ 

26P0D-B 



Fast Page 

4K Refresh Cycle 

Self-Refresh mode 

M5M416400BTP-5S 

★★ 

26P3D-E 




60 

405 

M5M416400BJ-6S 

26P0D-B 




M5M416400BTP-6S 

26P3D-E 




70 

340 

M5M416400BJ-7S 

26P0D-B 





M5M416400BTP-7S 

26P3D-E 





50 

495 

M5M416400CJ-5 

★★ 

26P0D-B 



. 


M5M416400CTP-5 

★★ 

26P3D-E 


16M 


Fast Page 

60 

405 

M5M416400CJ-6 

★★ 

26P0D-B 



4K Refresh Cycle 

M5M416400CTP-6 

★★ 

26P3D-E 





70 

340 

M5M416400CJ-7 

★★ 

26P0D-B 



4M X 4 


M5M416400CTP-7 

★★ 

26P3D-E 

4-42 





M5M416400CJ-5S 

★★ 

26P0D-B 



Fast Page 

4K Refresh Cycle 

Self-Refresh mode 

M5M416400CTP-5S 

★★ 

26P3D-E 




60 

405 

M5M416400CJ-6S 

★★ 

26P0D-B 




M5M416400CTP-6S 

★★ 

26P3D-E 




70 

340 

M5M416400CJ-7S 

★★ 

26P0D-B 





M5M416400CTP-7S 

★★ 

26P3D-E 







M5M416405CJ-5 

★★ 

26P0D-B 





M5M416405CTP-5 

★★ 

26P3D-E 




Hyper Page 

60 

405 

M5M416405CJ-6 

★★ 

26P0D-B 




4K Refresh Cycle 

M5M416405CTP-6 

★★ 

26P3D-E 





70 

340 

M5M416405CJ-7 

★★ 

26P0D-B 





M5M416405CTP-7 

★★ 

26P3D-E 

4-63 




50 

495 

M5M416405CJ-5S 

★★ 

26P0D-B 



Hyper Page 

4K Refresh Cycle 

Self-Refresh mode 

M5M416405CTP-5S 

★★ 

26P3D-E 




60 

405 

M5M416405CJ-6S 

★★ 

26P0D-B 




M5M416405CTP-6S 

★★ 

26P3D-E 




70 

340 

M5M416405CJ-7S 

★★ 

26P0D-B 





M5M416405CTP-7S 

★★ 

26P3D-E 



★★ : Under development 
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A MITSUBISHI 
ELECTRIC 


























































































































































MITSUBISHI LSIs 


INDEX BY FUNCTION 


■ l6M-BitDRAM [SV Version] (Cont.) 


Memory 

capacity 

Configuration 
(Word x Bit) 

Function mode 

Access 

time 

Meix 

(ns) 

Power 
dissipation 
Typ (mW) 

Type name 

Package 

outline 

Page 




50 

655 


★ 

26P0D-B 






★ 

26P3D-E 




Fast Page 

60 

540 

M5M417400BJ-6 

26P0D-B 




2K Refresh Cycle 

M5M417400BTP-6 

26P3D-E 





70 

475 

M5M417400BJ-7 

26P0D-B 





M5M417400BTP-7 

26P3D-E 

4-87 




50 

655 


★ 

26P0D-B 



Fast Page 

2K Refresh Cycle 

Self-Refresh mode 


★ 

26P3D-E 




60 

540 

M5M417400BJ-6S 

26P0D-B 




M5M417400BTP-6S 

26P3D-E 




70 

475 

M5M417400BJ-7S 

26P0D-B 





M5M417400BTP-7S 

26P3D-E 





50 

655 

M5M417400CJ-5 

★★ 

26P0D-B 





M5M417400CTP-5 

★★ 

26P3D-E 




Fast Page 

60 

540 

M5M417400CJ-6 

26P0D-B 




2K Refresh Cycle 

M5M417400CTP-6 

26P3D-E 





70 

475 

M5M417400CJ-7 

26P0D-B 



4M x4 


M5M417400CTP-7 

26P3D-E 

4-107 



50 

655 

M5M417400CJ-5S 

★★ 

26P0D-B 



Fast Page 

2K Refresh Cycle 

Self-Refresh mode 

M5M417400CTP-5S 

★★ 

26P3D-E 






M5M417400CJ-6S 

26P0D-B 


16M 


M5M417400CTP-6S 

26P3D-E 



70 

475 

M5M417400CJ-7S 

26P0D-B 





M5M417400CTP-7S 

26P3D-E 






655 

M5M417405CJ-5 


26P0D-B 





M5M417405CTP-5 

★★ 

26P3D-E 




Hyper Page 

60 

540 

M5M417405CJ-6 

★★ 

26P0D-B 




2K Refresh Cycle 

M5M417405CTP-6 

★★ 

26P3D-E 





70 

475 

M5M417405CJ-7 

★★ 

26P0D-B 





M5M417405CTP-7 

★★ 

26P3D-E 

4-128 




50 

655 

M5M417405CJ-5S 

★★ 

26P0D-B 



Hyper Page 

2K Refresh Cycle 

Self-Refresh mode 

M5M417405CTP-5S 

★★ 

26P3D-E 






M5M417405CJ-6S 

★★ 

26P0D-B 




M5M417405CTP-6S 

★★ 

26P3D-E 




70 

475 

M5M417405CJ-7S 

★★ 

26P0D-B 





M5M417405CTP-7S 

★ ★ 

26P3D-E 





60 

540 

M5M417800AJ-6 

28P0K 




Fast Page 

M5M417800ATP-6 

28P3Y-H 




2K Refresh Cycle 

70 

475 

M5M417800AJ-7 

28P0K 



2M x8 


M5M417800ATP-7 

28P3Y-H 

4-152 


Fast Page 

2K Refresh Cycle 

Self-Refresh mode 


mi 

M5M417800AJ-6S 

28P0K 



M5M417800ATP-6S 

28P3Y-H 




70 


M5M417800AJ-7S 

28P0K 




M5M417800ATP-7S 

28P3Y-H 



★ : New product ★★ : Under development 


A MITSUBISHI 
ELECTRIC 


1 - 7 





























































































































































MITSUBISHI LSIs 


INDEX BY FUNCTION 


■ l6M-BitDRAM CSV Version] (Cont.) 


Memory 

capacity 

Configuration 
(Word X Bit) 

Function mode 

Access 

time 

Max 

(ns) 

Power 
dissipation 
Typ (mW) 

Type name 

Package 

outline 

Page 

16M 

2M X 8 

Fast Page 

50 

655 

M5M417800CJ-5 ★★ 

28P0N-A 


M5M417800CTP-5 ★★ 

28P3N-C 

60 

540 

M5M417800CJ-6 ★★ 

28P0N-A 

2K Refresh Cycle 

M5M417800CTP-6 ★★ 

28P3N-C 


70 

475 

M5M417800CJ-7 ★★ 

28P0N-A 

M5M417800CTP-7 ★★ 

28P3N-C 

Fast Page 

2K Refresh Cycle 

50 

655 

M5M417800CJ-5S ★★ 

28P0N-A 


M5M417800CTP-5S ★★ 

28P3N-C 

60 

540 

M5M417800CJ-6S ★★ 

28P0N-A 

M5M417800CTP-6S ★★ 

28P3N-C 


70 

475 

M5M417800CJ-7S ★★ 

28P0N-A 

M5M417800CTP-7S ★★ 

28P3N-C 

Hyper Page 

50 

655 

M5M417805CJ-5 ★★ 

28P0N-A 



M5M417805CTP-5 ★★ 

28P3N-C 

60 

540 

M5M417805CJ-6 ★★ 

28P0N-A 

2K Refresh Cycle 

M5M417805CTP-6 ★★ 

28P3N-C 


70 

475 

M5M417805CJ-7 ★★ 

28P0N-A 

M5M417805CTP-7 ★★ 

28P3N-C 

Hyper Page 

2K Refresh Cycle 

50 i 

655 

M5M417805CJ-5S ★★ 

28P0N-A 


M5M417805CTP-5S ★★ 

28P3N-C 

60 

540 

M5M417805CJ-6S ★★ 

28P0N-A 

M5M417805CTP-6S ★★ 

28P3N-C 


70 

475 

M5M417805CJ-7S ★★ 

28P0N-A 

M5M417805CTP-7S ★★ 

28P3N-C 

1M X 16 

Fast Page 

60 

430 

M5M416160BJ-6 

42P0K 


i 

M5M416160BTP-6 

50P3W-L 

4K Refresh Cycle 

70 

385 

M5M416160BJ-7 

42P0K 


M5M416160BTP-7 

50P3W-L 

Fast Page 

4K Refresh Cycle 

60 

430 

M5M416160BJ-6S 

42P0K 


M5M416160BTP-6S 

50P3W-L 

70 

385 

M5M416160BJ-7S 

42P0K 


M5M416160BTP-7S 

50P3W-L 

Fast Page 

60 

680 

M5M418160BJ-6 

42P0K 

A OAQ 

M5M418160BTP-6 

50P3W-L 

1K Refresh Cycle 

70 

590 

M5M418160BJ-7 

42P0K 


M5M418160BTP-7 

50P3W-L 

Fast Page 

1K Refresh Cycle 

60 

680 

M5M418160BJ-6S 

42P0K 


1 

M5M418160BTP-6S 

50P3W-L 

70 


M5M418160BJ-7S ' 

42P0K 



M5M418160BTP-7S 

50P3W-L 

Hyper Page 

60 

680 

M5M418165BJ-6 

42P0K 

1 >1- OTQ 

M5M418165BTP-6 

50P3W-L 

IK Refresh Cycle 

70 

590 

M5M418165BJ-7, 

42P0K 


M5M418165BTP-7 

50P3W-L 

Hyper Page 

60 

680 

M5M418165BJ-6S 

42P0K 


M5M418165BTP-6S 

50P3W-L 

1 In Itfe 11 t^SI 1 » 

70 


M5M418165BJ-7S 

42P0K 



M5M418165BTP-7S 

50P3W-L 


★★ : Under development 
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A MITSUBISHI 
ELECTRIC 

















































































































































































MITSUBISHI LSIs 


INDEX BY FUNCTION 


■ l6M-BltDRAM [SV Version] (Cont.) 


Memory 

capacity 

Configuration 
(Word X Bit) 

Function mode 

Access 

time 

Max 

(ns) 

Power 
dissipation 
Typ (m\W) 

Type name 

Package 

outline 

Page 




50 


M5M416160CJ-5 

★★ 

42P0N-A 





M5M416160CTP-5 

★ ★ 

50P3G-F 




Fast Page 

60 

430 

M5M416160CJ-6 

★★ 

42P0N-A 




4K Refresh Cycle 

M5M416160CTP-6 

★★ 

50P3G-F 







M5M416160CJ-7 

★★ 

42P0N-A 





M5M416160CTP-7 

★★ 

50P3G-F 

4-308 




50 

540 

M5M416160CJ-5S 

★★ 

42P0N-A 



Fast Page 

4K Refresh Cycle 

Self-Refresh mode 

M5M416160CTP-5S 

★★ 

50P3G-F 




60 

430 

M5M416160CJ-6S 

★★ 

42P0N-A 




M5M416160CTP-6S 

★★ 

50P3G-F 




70 

385 

M5M416160CJ-7S 

★★ 

42P0N-A 





M5M416160CTP-7S 

★★ 

50P3G-F 





50 

810 

M5M418160CJ-5 

★★ 

42P0N-A 





M5M418160CTP-5 

★★ 

50P3G-F 




Fast Page 

60 

675 

M5M418160CJ-6 

★★ 

42P0N-A 




1K Refresh Cycle 

M5M418160CTP-6 

★★ 

50P3G-F 





70 

585 

M5M418160CJ-7 

★★ 

42P0N-A 





M5M418160CTP-7 

★★ 

50P3G-F 

4-338 




50 

810 

M5M418160CJ-5S 

★★ 

42P0N-A 



Fast Page 

1K Refresh Cycle 

Self-Refresh mode 

M5M418160CTP-5S 

★★ 

50P3G-F 




60 

675 

M5M418160CJ-6S 

★★ 

42P0N-A 




M5M418160CTP-6S 

★★ 

50P3G-F 




70 

585 

M5M418160CJ-7S 

★★ 

42P0N-A 


16M 

IM X 16 


M5M418160CTP-7S 

★★ 

50P3G-F 



50 

540 

M5M416165CJ-5 

★★ 

42P0N-A 





M5M416165CTP-5 

★★ 

50P3G-F 




Hyper Page 



M5M416165CJ-6 

★★ 

42P0N-A 




4K Refresh Cycle 

M5M416165CTP-6 

★ ★ 

50P3G-F 





70 

385 

M5M416165CJ-7 

★ ★ 

42P0N-A 





M5M416165CTP-7 

★★ 

50P3G-F 

4-368 




50 

540 

M5M416165CJ-5S 

★★ 

42P0N-A 



Hyper Page 

4K Refresh Cycle 

Self-Refresh mode 

M5M416165CTP-5S 

★★ 

50P3G-F 




60 

430 

M5M416165CJ-6S 

★★ 

42P0N-A 




M5M416165CTP-6S 

★★ 

50P3G-F 




70 

385 

M5M416165CJ-7S 

★★ 

42P0N-A 





M5M416165CTP-7S 

★ ★ 

50P3G-F 





50 

810 

M5M418165CJ-5 

★★ 

42P0N-A 





M5M418165CTP-5 

★★ 

50P3G-F 




Hyper Page 

60 

675 

M5M418165CJ-6 

★★ 

42P0N-A 




1K Refresh Cycle 

M5M418165CTP-6 

★★ 

50P3G-F 





70 

585 

M5M418165CJ-7 

★★ 

42P0N-A 





M5M418165CTP-7 

★ ★ 

50P3G-F 

4-399 




m 


M5M418165CJ-5S 

★★ 

42P0N-A 



Hyper Page 

1K Refresh Cycle 

Self-Refresh mode 

M5M418165CTP-5S 

★ ★ 

50P3G-F 




60 

675 

M5M418165CJ-6S 

★★ 

42P0N-A 




M5M418165CTP-6S 

★★ 

50P3G-F 




70 

585 

M5M418165CJ-7S 

★★ 

42P0N-A 





M5M418165CTP-7S 

★★ 

50P3G-F 



★★ : Under development 


A MITSUBISHI 
BJECmC 


1 - 9 





































































































































































MITSUBISHI LSIs 


INDEX BY FUNCTION 


■ 16M-Blt DRAM C3.3V Version;] 


Memory 

capacity 

Configuration 
(Word X Bit) 

Function mode 

Access 

time 

Max 

(ns) 

Power 
dissipation 
Typ (mW) 

Type name 

Package 

outline 

Page 



Fast Page 

60 

270 

M5M4V16400BJ-6 

26P0D-B 




4K Refresh Cycle 

M5M4V16400BTP-6 

26P3D-E 




Low Voltage 

70 

225 

M5M4V16400BJ-7 

26P0D-B 




(Vcc = 3.3 ± 0.3V) 

M5M4V16400BTP-7 

26P3D-E 

5-3 



Fast Page 

60 

270 

M5M4V16400BJ-6S 

26P0D-B 



4K Refresh Cycle 

Self-Refresh mode 

Low Voltage 

M5M4V16400BTP-6S 

26P3D-E 




70 

225 

M5M4V16400BJ-7S 

26P0D-B 




(Vcc = 3.3 ± 0.3V) 

M5M4V16400BTP-7S 

26P3D-E 





50 

330 

M5M4V16400CJ-5 

★★ 

26P0D-B 




Fast Page 

M5M4V16400CTP-5 

★★ 

26P3D-E 




4K Refresh Cycle 

60 

270 

M5M4V16400CJ-6 

★★ 

26P0D-B 




Low Voltage 

M5M4V16400CTP-6 

★★ 

26P3D-E 




(Vcc = 3.3 ± 0.3V) 


225 

M5M4V16400CJ-7 

★★ 

26P0D-B 





M5M4V16400CTP-7 

★★ 

26P3D-E 

5-23 



Fast Page 

4K Refresh Cycle 

Self-Refresh mode 

Low Voltage 
(Vcc = 3.3 ± 0.3V) , 

50 

330 

M5M4V16400CJ-5S 

★★ 

26P0D-B 



M5M4V16400CTP-5S 

★★ 

26P3D-E 




60 

270 

M5M4VT6400CJ-6S 

★★ 

26P0D-B 




M5M4V16400CTP-6S 

★★ 

26P3D-E 




70 

225 

M5M4V16400CJ-7S 

★★ 

26P0D-B 




M5M4V16400CTP-7S 

★★ 

26P3D-E 





50 

330 

M5M4V16405CJ-5 

★★ 

26P0D-B 




Hyper Page 

M5M4V16405CTP-5 

★★ 

26P3D-E 




4K Refresh Cycle 

60 

270 

M5M4V16405CJ-6 

★★ 

26P0D-B 




Low Voltage 

M5M4V16405CTP-6 

★★ 

26P3D-E 




(Vcc = 3.3 ± a3V) 

70 

225 

M5M4V16405CJ-7 

; ★★ 

26P0D-B 


16M 

4M x4 


M5M4V16405CTP-7 

★★ 

26P3D-E 

5-44 

Hyper Page 

4K Refresh Cycle 

Self-Refresh mode 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

50 

330 

M5M4V16405CJ-5S 

★ ★ 

26P0D-B 



M5M4V16405CTP-5S 

★★ 

26P3D-E 




60 

270 

M5M4V16405CJ-6S 

★ ★ 

26P0D-B 




M5M4V16405CTP-6S 

★ ★ 

26P3D-E 




70 

225 

M5M4V16405CJ-7S 

★ ★ 

26P0D-B 




M5M4V16405CTP-7S 

★ ★ 

26P3D-E 




Fast Page 

2K Refresh Cycle 
(Vcc = 3.3 ± 0.3V) 

60 

360 

M5M4V17400BJ-6 

26P0D-B 




M5M4V17400BTP-6 

26P3D-E 




70 

315 

M5M4V17400BJ-7 

26P0D-B 




M5M4V17400BTP-7 

26P3D-E 

5-68 



Fast Page 

60 

360 

M5M4V17400BJ-6S 

26P0D-B 



2K Refresh Cycle 

M5M4V17400BTP-6S 

26P3D-E 




Self-Refresh mode 

70 

315 

M5M4V17400BJ-7S 

26P0D-B 




(Vcc = 3.3 ± 0.3V) 

M5M4V17400BTP-7S 

26P3D-E 





50 

435 

M5M4V17400CJ-5 

★ ★ 

26P0D-B 




Fast Page 

M5M4V17400CTP-5 

★★ 

26P3D-E 




2K Refresh Cycle 

60 

360 

M5M4V17400CJ-6 

★★ 

26P0D-B 




Low Voltage 

M5M4V17400CTP-6 

★★ 

26P3D-E 




(Vcc = 3.3 ± 0.3V) 

70 

315 

M5M4V17400CJ-7 

★★ 

26P0D-B 





M5M4V17400CTP-7 

★ ★ 

26P3D-E 

5-88 



Fast Page 

2K Refresh Cycle 

Self-Refresh mode 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

50 

435 

M5M4V17400CJ-5S 

★ ★ 

26P0D-B 



M5M4V17400CTP-5S 

★★ 

26P3D-E 




60 

360 

M5M4V17400CJ-6S 

★★ 

26P0D-B 




M5M4V17400CTP-6S 

★★ 

26P3D-E 




70 

315 

M5M4V17400CJ-7S 

★★ 

26P0D-B 




M5M4V17400CTP-7S 

★ ★ 

26P3D-E 



★★ : Under development 
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A MITSUBISHI 
ELECTRIC 






















































































































































































MITSUBISHI LSIs 


INDEX BY FUNCTION 


■ l6M-BitDRAM C3.3V Version] (Cont.) 


Memory 

capacity 

Configuration 
(Word X Bit) 

Function mode 

Access 

time 

Max 

(ns) 

Power 
dissipation 
Typ (mW) 

Type name 

Package 

outline 

Page 




50 

435 

M5M4V17405CJ-5 

★ ★ 

26P0D-B 




Hyper Page 

M5M4V17405CTP-5 

★★ 

26P3D-E 




2K Refresh Cycle 

60 

360 

M5M4V17405CJ-6 

★★ 

26P0D-B 




Low Voltage 

M5M4V17405CTP-6 

★★ 

26P3D-E 




(Vcc = 3.3 ± 0.3V) 

70 

315 

M5M4V17405CJ-7 

★★ 

26P0D-B 



4M x4 


M5M4V17405CTP-7 

★★ 

26P3D-E 

5-109 


Hyper Page 

2K Refresh Cycle 

Self-Refresh mode 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

50 

435 

M5M4V17405CJ-5S 

★ ★ 

26P0D-B 



M5M4V17405CTP-5S 

★★ 

26P3D-E 




60 

360 

M5M4V17405CJ-6S 

★★ 

26P0D-B 




M5M4V17405CTP-6S 

★★ 

26P3D-E 




70 

315 

M5M4V17405CJ-7S 

★★ 

26P0D-B 




M5M4V17405CTP-7S 

★★ 

26P3D-E 




Fast Page 

60 

360 

M5M4V17800AJ-6 

28P0K 




2K Refresh Cycle 

M5M4V17800ATP-6 

28P3Y-H 




Low Voltage 

70 

315 

M5M4V17800AJ-7 

28P0K 




(Vcc = 3.3 ± 0.3V) 

M5M4V17800ATP-7 

28P3Y-H 




Fast Page 

60 

360 

M5M4V17800AJ-6S 

28P0K 

5-133 



2K Refresh Cycle 

Self-Refresh mode 

Low Voltage 

M5M4V17800ATP-6S 

28P3Y-H 




70 

315 

M5M4V17800AJ-7S 

.28P0K 




(Vcc = 3.3 ± 0.3V) 

M5M4V17800ATP-7S 

28P3Y-H 





50 

435 

M5M4V17800CJ-5 

★★ 

28P0N-A 




Fast Page 

M5M4V17800CTP-5 

★★ 

28P3N-C 




2K Refresh Cycle 

60 

360 

M5M4V17800CJ-6 

★ ★ 

28P0N-A 




Low Voltage 

M5M4V17800CTP-6 

★★ 

28P3N-C 




(Vcc = 3.3 ± 0.3V) 

70 

315 

M5M4V17800CJ-7 

★★ 

28P0N-A 


16M 



M5M4V17800CTP-7 

★★ 

28P3N-C 

5-154 


Fast Page 

2K Refresh Cycle 

Self-Refresh mode 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 


435 

M5M4V17800CJ-5S 

★★ 

28P0N-A 


2M X 8 

M5M4V17800CTP-5S 

★★ 

28P3N-C 




60 

360 

M5M4V17800CJ-6S 

★★ 

28P0N-A 




M5M4V17800CTP-6S 

★★ 

28P3N-C 




70 

315 

M5M4V17800CJ-7S 

★★ 

28P0N-A 




M5M4V17800CTP-7S 

★★ 

28P3N-C 







M5M4V17805CJ-5 

★★ 

28P0N-A 




Hyper Page 

M5M4V17805CTP-5 

★★ 

28P3N-C 




2K Refresh Cycle 

60 

360 

M5M4V17805CJ-6 

★★ 

28P0N-A 




Low Voltage 

M5M4V17805CTP-6 

★★ 

28P3N-C 




(Vcc = 3.3 ± 0.3V) 

70 

315 

M5M4V17805CJ-7 

★★ 

28P0N-A 





M5M4V17805CTP-7 

★★ 

28P3N-C 

5-175 



Hyper Page 

2K Refresh Cycle 

Self-Refresh mode 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

50 

435 

M5M4V17805CJ-5S 

★ ★ 

28P0N-A 



M5M4V17805CTP-5S 

★ ★ 

28P3N-C 




60 

360 

M5M4V17805CJ-6S 

★★ 

28P0N-A 




M5M4V17805CTP-6S 

★★ 

28P3N-C 




70 

315 

M5M4V17805CJ-7S 

★★ 





M5M4V17805CTP-7S 

★★ 

28P3N-C 




Fast Page 

4K Refresh Cycle 

60 

285 

M5M4V16160BTP-6 

50P3W-L 




Low Voltage 
(Vcc = 3.3 ± 0.3V) 

70 

255 

M5M4V16160BTP-7 

50P3W-L 



IMx 16 

Fast Page 

4K Refresh Cycle 

Self-Refresh mode 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

60 

285 

M5M4V16160BTP-6S 

50P3W-L 

5-199 



70 

255 

M5M4V16160BTP-7S 

50P3W-L 



★★ : Under development 
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INDEX BY FUNCTION 


■ l6M-BitDRAM C3.3V Version] (Cont.) 


Memory 

capacity 

Configuration 
(Word X Bit) 

Function mode 

Access 

time 

Max 

(ns) 

Power 
dissipation 
Typ (mW) 

Type name 

Package 

outline 

Page 



Fast Page 

IK Refresh Cycle 

60 

450 

M5M4V18160BTP-6 

50P3W-L 




Low Voltage 
(Vcc = 3.3 ± 0.3V) 

70 

390 

M5M4V18160BTP-7 

50P3W-L 

5-229 



Fast Page 

IK Refresh Cycle 

Self-Refresh mode 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

60 

450 

M5M4V18160BTP-6S 

50P3W-L 



70 

390 

M5M4V18160BTP-7S 

50P3W-L 




Hyper Page 

4K Refresh Cycle 

60 

285 

M5M4V16165BTP-6 

50P3W-L 




Low Voltage 
(Vcc = 3.3 ± 0.3V) 

70 

255 

M5M4V16165BTP-7 

50P3W-L 

5-259 



Hyper Page 

4K Refresh Cycle 

Self-Refresh mode 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

60 

285 

M5M4V16165BTP-6S 

50P3W-L 



70 

255 

M5M4V16165BTP-7S 

50P3W-L 




Hyper Page 

1 K Refresh Cycle 
(Vcc = 3.3 ± 0.3V) 

60 

450 

M5M4V18165BTP-6 

50P3W-L 




70 

390 

M5M4V18165BTP-7 

50P3W-L 

5-289 



Hyper Page 

IK Refresh Cycle 

60 

450 

M5M4V18165BTP-6S 

50P3W-L 

16M 

1M X 16' 

Self-Refresh mode 
(Vcc = 3.3 ± 0.3V) 

70 

390 

M5M4V18165BTP-7S 

50P3W-L 


Fast Page 

4K Refresh Cycle 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

50 

, 360 

M5M4V16160CTP-5 

★★ 

50P3G-F 




60 

285 

M5M4V16160CTP-6 

★★ 

50P3G-F 




70 

255 

M5M4V16160CTP-7 

★★ 

50P3G-F 




Fast Page 

4K Refresh Cycle 

Self-Refresh inode 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

50 

360 

M5M4V16160CTP-5S 

★★ 

50P3G-F 

5-319 



60 

285 

M5M4V16160CTP-6S 

★★ 

50P3G-F 




70 

255 

M5M4V16160CTP-7S 

★★ 

50P3G-F 




Fast Page 

50 

540 

M5M4V18160CTP-5 

★★ 

50P3G-F 




1K Refresh Cycle 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

60 

450 

M5M4V18160CTP-6 

★★ 

50P3G-F 




70 

390 

M5M4V18160CTP-7 

★★ 

50P3G-F 




Fast Page 

1K Refresh Cycle 

Self-Refresh mode 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

50 

540 

M5M4V18160CTP-5S 

★★ 

50P3G-F 

5-349 



60 

450 

M5M4V18160CTP-6S 

★★ 

50P3G-F 




70 

390 

M5M4V18160CTP-7S 

★ ★ 





Hyper Page 

50 

360 

M5M4V16165CTP-5 

★★ 





4K Refresh Cycle 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

60 

285 

M5M4V16165CTP-6 

★★ 

50P3G-F 




70 

255 

M5M4V16165CTP-7 

★★ 

50P3G-F 




Hyper Page 

4K Refresh Cycle 

Self-Refresh mode 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

50 

360 

M5M4V16165CTP-5S 

★★ 

50P3G-F 

5-379 



60 

285 

M5M4V16165CTP-6S 

★★ 

50P3G-F 




70 

255 

M5M4V16165CTP-7S 

★★ 

50P3G-F 



★★ : Under development 
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INDEX BY FUNCTION 


■ l6M-BltDRAM C3.3V Version] (Cont.) 


Memory 

capacity 

Configuration 
(Word X Bit) 

Function mode 

Access 

time 

Max 

(ns) 

Power 
dissipation 
Typ (mW) 

Type name 

Package 

outline 

Page 

16M 

1M X 16 

Hyper Page 

IK Refresh Cycle 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

50 

540 

M5M4V18165CTP-5 ★★ 

50P3G-F 

5-410 

60 

450 

M5M4V18165CTP-6 ★★ 

50P3G-F 

70 

390 

M5M4V18165CTP-7 ★★ 

50P3G-F 

Hyper Page 

IK Refresh Cycle 

Self-Refresh mode 

Low Voltage 
(Vcc = 3.3 ± 0.3V) 

50 

540 

M5M4V18165CTP-5S ★★ 

50P3G-F 

60 

450 

M5M4V18165CTP-6S ★★ 

50P3G-F 

70 

390 

M5M4V18165CTP-7S ★★ 

50P3G-F 

Pipeline Burst 

IK Refresh Cycle 

Low Voltage 
(Vcc = 3.15~3.6V) 

50 

540 

M5M4V18167CTP-5 ★★ 

50P3G-F 

5-441 

60 

450 

M5M4V18167CTP-6 ★★ 

50P3G-F 

70 

390 

M5M4V18167CTP-7 ★★ 

50P3G-F 

Pipeline Burst 

IK Refresh Cycle 

Self-Refresh mode 

Low Voltage 
(Vcc = 3.15~3.6V) 

• 50 

540 

M5M4V18167CTP-5S ★★ 

50P3G-F 

60 

450 

M5M4V18167CTP-6S ★★ 

50P3G-F 

70 

390 

M5M4V18167CTP-7S ★★ 

50P3G-F 


★★ : Under development 


■ 16M-Blt SYNCHRONOUS DRAM C3.3V Version] 


Memory 

capacity 

Configuration 
(Word X Bit) 

Access 

time 

Max 

(ns) 

Power 
dissipation 
Typ (mW) 

Type name 

Package 

outline 

Page 



5 

515 

M5M4S16S31CTP-7 

★★ 




2Mx8 

6 

455 

M5M4S16S31CTP-8 

★★ 

44P3L-B 

6-3 

16M 


8 

380 

M5M4S16S31CTP-10 

★★ 




5 

515 

M5M4S16S21CTP-7 

★★ 




4M x4 

6 

455 

M5M4S16S21CTP-8 

★★ 

44P3L-B 

6-44 



8 

380 

M5M4S16S21CTP-10 

★★ 




★★: Under development 
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MITSUBISHI LSIs 

ORDERING INFORMATION 


Understanding the Type-Designation Code 

Type-designation examples are provided below to provide 
information about the products and their packages. These 
type designations are comprised of code elements. The blanks 
in some of the examples indicate that a code element is not 
necessary. When writing the type designation, the blank 
spaces are closed. 

Example 1. 


M m 444000 a - e 

Difference of Electrical Characteristics 
Package strip 

Memory style, Capacity etc. 

Use, recommended operating conditions, etc. 
('CM' indicates AS memory) 

Type a sign Mitsubishi main designation 

Example 2. (Package) 




Auxiliary outline code 
Package outline® 
Package structure!® 
Number of pins 


@ 1 : DIP (Except for Plastic) 

2 : SOP 

3 : TSOP 

4 : DIP (Plastic) 

5 : SIP, ZIP 

6 : QFP 

8 : PGA 

9 : Specialize, SIP 

0 : Leadless, PLCC, SOJ 


® K : Glass-sealed ceramic 
N : PCB Module (Glass epoxy) 
P : Molded plastic 
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MITSUBISHI LSIs 


PACKAGE OUTWARD 



26P0D-B 



26P3D-E 




26P3Z-E 




28P0K 



28P3N-C 



28P0N-A 



28P3Y-H 




44P3L-B 




42P0K 


42P0IM-A 


44P3W-L 


50P3G-F 


50P3W-L 
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PACKAGE OUTLINES 


26P3D-E 


Plastic 26pin 300mil TSOP(II)(LOC) 
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PACKAGE OUTLINES 
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PACKAGE OUTLINES 


44P3W~L 


EIAJ Package Code 
TSOPII 44/40-P-400-0.80 

Scale : 3/1 


JEDEC Code 


Weight (g) 
0.47 


Lead Material 
Alloy 42 



Plastic 44pin 400mil TSOP (II) 




DDi::r::iD 


Recommended Mount Pad 


Dimension in Millimeters 


Max 


1.2 


0.125 


1.0 


0.3 0.35 0.45 


0.125 0.175 


18.51 


10.16 


liUSi 

mi 

Tiliia 





UL 



—|ol y 1 



' 



Detail F 


11.56 

11.76 

0.4 

0.5 


50P3G-F 


EIAJ Package Code _ JEDEC Code _ Weight(g) Lead Material 

TSOPI150/44-P-400-0.80l - - - Alloy 42 

Scale : 3/1 


Plastic 50pin 400mil TSOP(II) (LOG) 


[H b2 




DD:;:t;:io 


Recommended Mount Pad 



0 

3T0W0-HHTHdi 



1 ^ 







D 


, -r 

ir^ 


Dimension in Millimeters 


Max 


0.05 0.125 0.2 


1.0 


0.25 0.3 0.4 


0.125 




[H 1 

— y 






A2 Ai 




Detail F 



11.56 

11.76 

11.96 

0.4 

0.5 

0.6 


A 
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PACKAGE OUTLINES 
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PACKAGE OUTLINES 

26P0D-B Plastic 26pin SOOmil SOJ(LOC) 



26P0J 


Plastic 26pin SOOmil SOJ 
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PACKAGE OUTLINES 
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PACKAGE OUTLINES 


40P0K 


EIAJ Packaee Code 




Weight (k) 

Lead Material 

1.53 

Alloy 42 


Plastic 40pin 400mil SOJ 



42P0K 


Plastic 42pin 400mil SOJ 
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PACKAGE OUTLINES 


42P0N-A 


Plastic 42pin 400mil SOJ(LOC) 
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MITSUBISHI LSIs 


PRECAUTIONS IN HANDLING MOS ICs/LSIs 



A MOS transistor has a very thin oxide insulator under the 
gate electrode on the silicon substrate. It is operated by 
altering the conductance (gm) bet\ween source and drain to 
control mobile charges in the channel formed by the applied 
gate voltage. 

If a high voltage were applied to a gate terminal, the 
insulator-film under the gate electrode could be destroyed, 
and all Mitsubishi MOS 10/LSIs contain internal protection 
circuits at each input terminal to prevent this. It is inherently 
necessary to apply reverse bias to the P-N junctions of a 
MOS 10/LSI. 

Under certain conditions, however, it may be impossible to 
completely avoid destruction of the thin insulator-film due 
to the application of unexpectedly high voltage or thermal 
destruction due to excessive current from a forward biased 
P-N Junction. The following recommendations should be 
followed in handling MOS devices. 

1. KEEPING VOLTAGE AND CURRENT TO EACH 
TERMINAL BELOW MAXIMUM RATINGS 

1. The recommended ranges of operating conditions provide 
adequate safety margins. Operating within these limits will 
assure maximum equipment performance and quality. 

2. Forward bias should not be applied to any terminal since 
excessive current may cause thermal destruction. 

3. Output terminals should not be connected directly to the 
power supply. Short-circuiting of a terminal to a power 
supply having low impedance may cause burn-out of the 
internal leads or thermal destruction due to excessive 
current. 

2. KEEPING ALL TERMINALS AT THE SAME 
POTENTIAL DURING TRANSPORT AND STORAGE * 

When MOS 10/LSIs are not in use, both input and output 
terminals can be in a very high impedance state so that they 
are easily subjected to electrostatic induction from AC fields 
of the surrounding space or from charged objects in their 
vicinity. For this reason, MOS IC/LSIs should be protected 
from electrostatic charges while being transported and stored 
by conductive rubber foam, aluminum foil, shielded boxes or 
other protective precautions. 

3. KEEPING ELECTRICAL EQUIPMENT, WORK TABLES 
AND OPERATING PERSONNEL AT THE SAME 
POTENTIAL 

i. All electric equipment, work table surfaces and operating 


personnel should be grounded. Work tables should be 
covered with copper or aluminum plates of good 
conductivity, and grounded. One method of grounding 
personnel, after making sure that there is no potential 
difference with electrical equipment, is by the use of a 
wristwatch metallic ring, etc. attached around the wrist and 
grounded in series with a 1MQ resistor. Be sure that the 
grounding meets national regulations on personnel safety. 

2. Current leakage from electric equipment must be prevented 
not only for personnel safety, but also to avert the 
destruction of MOS IC/LSIs, as described above. Items 
such as testers, curve-tracers and synchro-scopes must 
be checked for current leakage before being grounded. 

4. PRECAUTIONS FOR MOUNTING OF MOS IC/LSIs 

1. The printed wiring lines to input and output terminals 
of MOS IC/LSIs should not be close to or parallel to 
high-voltage or high-power signal lines. Turning power 
on while the device is short-circuited, either by a solder 
bridge made during assembly or by a probe during 
adjusting and testing, may cause maximum ratings to be 
exceeded, which may result in the destruction of the 
device. 

2. When input/output, or input and/or output, terminals of 
MOS IC/LSIs (now open-circuits) are connected, we must 
consider the possibility of current leakage and take 
precautions similar to § 2 above. To reduce such 
undesirable trouble, it is recommended that an interface 
circuit be inserted at the input or output terminal, or a 
resistor with a resistance that does not exceed the 
output driving capability of the MOS IC/LSI be inserted 
between the power supply and the ground. 

3. A filter circuit should be inserted in the AC power supply 
line to absorb surges which can frequently be strong 
enough to destroy a MOS IC/LSI. 

4. Terminal connections should be made as described in the 
catalog while being careful to meet specifications. 

5. Ungrounded metal plates should not be placed near input 
or output terminals of any MOS IC/LSIs, since destruction 
of the insulation may result if they become 
electrostatically charged. 

6. Equipment cases should provide shielding from 
electrostatic charges for more reliable operation. When a 
plastic case is used, it is desirable to coat the inside of 
the case with conductive paint and to ground it. This is 
considered necessary even for battery-operated equipment. 
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M5M441OOB J,TP-6,-7,-6S,-7S 


FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 


DESCRIPTION 

This is a family of 4194304-word by 1-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is 
ideal for large-capacity memory systems where high speed, 
low power dissipation, and low costs are essential. 

The use of quadruple-layer polysilicon process combined 
with silicide technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. 

Multiplexed address inputs permit both a reduction in pins 
and an increase in system densities. 

Self or extended refresh current is small enough for battery 
back-up application. 


FEATURES 


Type name 

RAS access 
time 

(max. ns) 

CAS access 
time 

(max. ns) 

Address 
access time 
(max. ns) 

M5M44100BXX-6,-6S 

60 

15 

30 

M5M44100BXX-7,-7S 

70 

20 

35 


Type name 

Cycle 

time 

(min. ns) 

M5M44100BXX-6,-6S 

110 

M5M44100BXX-7,-7S 

130 


dissipation 


(typ. mW) 


• Standard 26pin SOJ, 26pin TSOP (II) 

• Single 5V ± 10 % supply 

• Low stand-by power dissipation 

CMOS Input level.5.5mW(max) 

CMOS Input levie.0.55mW(max)* 

• Low operating power dissipation 

M5M44100BXX-6,-6S.550.0mW(max) 

M5M44100BXX-7,-7S.467.5mW(max) 

• Extended refresh capability 

Extended refresh current.150|iA(max) 


PIN CONFIGURATION (TOP VIEW) 


DATA INPUT D 
WRITE CONTROL m 
INPUT 

ROW ADDRESS^ 
STROBE INPUT 


ADDRESS 

INPUTS 





Vss(OV) 

Q DATA OUTPUT 
.COLUMN 
CAS ADDRESS 

STROBE INPUT 

NC 


AO 

JTSl 

Al 
A2 
, A3 
(5V) Vcc 

Outline 26P0J(300mil SOJ) 


ADDRESS 
' INPUTS 


DATA INPUT D 
WRITE CONTROL m 
INPUT _** 

ROW ADDRESS RAS 
STROBE INPUT 


address! AO 
INPUTS I A1 



► Q DATA OUTPUT 
COLUMN , 

CAS address 
S STROBE INPUT 


ADDRESS 

INPUTS 


L As 
(5V)Vcc 


Outline 26P3Z-E (300mil TSOP) 

NC: NO CONNECTION 


• Self refresh capability 

Self refresh current.150 pA (max) 

• Fast-page mode (2048-bit random access), Read-modify- 
write, RAS-only refresh, CAS before RAS refresh. Hidden 
refresh, CBR Self Refresh (-6S,-7S) capabilities. 

• Early write operation gives common I/O capability. 

• All inputs, output TTL compatible and low capacitance 

• 1024 refresh cycles every 16.4ms (Ao~As) 

• 1024 refresh cycles every 128ms(Ao~A9)* 

• 16-bit parallel test mode capability 

♦ : Applicable to self refresh version (M5M44100BJ, TP 
-6S,-7S : option) only. 


APPLICATION 

Main memory unit for computers. Microcomputer memory. 
Refresh memory for CRT 
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M5M441OOB J,TP-6,-7,-6Sr7S 


FAST PAGE MODE 4194304-BIT(4194304^WORD BY 1-BIT)DYNAMIC RAM 


FUNCTION 

The M5M44100BJ, TP provide, in addition to normal read, functions, e.g., fast page mode, RAS-only refresh, and delayed- 
write, and read-modify-write operations, a number of other write. The input conditions for each are shown in Table 1. 


Table 1. Input condition for each mode 


Operation 

Inputs 

KUTBin 

Refresh 

Remark 

RAS 

CAS 

w 

D 

Row 

address 

Column 

address 

Q 

Read 


ESI 

mi 

m| 


■gea 

IH 

KH 

Fast page mode 
identical 

Write (Early write) 


ESB 

ESI 


e&ei 


Maidgl 

BH 

Write (Delayed write) 


iiJw 

ESI 

EOS 


waa 

IQsl 


Read - modify- write 

ACT 

ACT 

ACT 

VLD 

APD 

APD 

VLD 

YES 

RAS- only refresh 

K23I 



EH 


Brfgia 


BIS 


Hidden refresh 


ESI 


EH 


Brfgfa 

pwa 

BiS 


CAS before RAS refresh (Extended *) 



igfja 

ES9 

EH 

ES9 


BH 


Self Refresh* 



igfja 

warn 


13231 


B2S 


Stand-by 

mi 

wmm 


EH 


ESSi 

ESS 

BZSI 



Note. ACT : active, NAC : nonactive, DNC : don’t cane, VLD : valid, IVD : Invalid, APD : applied, OPN : open 


BLOCK DIAGRAM 


COLUMN ADDRESS 
STROBE INPUT 
ROW ADDRESS 5X5 
STROBE INPUT 

WRITE CONTROL _ 
INPUT W 


AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

AlO 


ADDRESS INPUTS< 



2-4 
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M5M441OOB J,TP-6r7r6Sr7S 

FAST PAGE MODE 4194304-BIT(4ig4304-WORD BY 1-BIT)OYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

- 1~7 

V 

Vi 

Input voltage 

- 1~7 

V 

Vo 

Output voltage 

- 1 ~7 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta = 25 T) 

1000 

mW 

Topr 

Operating temperature 


0~70 

“0 

Tstg 

Storage temperature 


-65-150 

°C 


RECOMMENDED OPERATING CONDITIONS (Ta = 0~70'C. unless otherwise noted) (Note 1) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Nom 

Max 

Vcc 

Supply voltage 

4.5 

5 

5.5 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

Vih 

High-level input voltage, all inputs 

2.4 


6.5 

V 

ViL 

Low-level input voltage 

-2.0 


0.8 

V 


Note 1. All voltage values are with respect to Vss. 

ELECTRICAL CHARACTERISTICS (Ta = 0~70‘X), Vcc = 5V ± 10%, Vss = OV, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 


Min 

Typ 

Max 

VOH 

High-level output voltage 

loH = - 5mA 




V 

VOL 

Low-level output voltage 

loL = 4.2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating, OV ^ Vout ^ 5.5V 

- 10 


10 

pA 

li 

Input current 

OV^Vin^G, 5V, Other inputs pins=0V 

- 10 


10 

pA 

IcCl (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M44100B-6,-6S 

RAS, CAS cycling 
tRC = twc = min. 
output open 



100 


M5M44100B-7, -7S 




ICC2(AV) 

Supply current from Vcc, 
stand-by (Note 6) 





2 

mA 

M5M44100B 

RAS = CAS ^ Vcc - 0.5, 
output open 



1 

M5M44100B(S) 



o.r 

ICC3(AV) 

Average supply current 
from Vcc, refreshing 

(Note 3,5) 

M5M441008-6, -6S 

RAS cycling 

CAS = Vih, tRC = min. 
output open 



100 

mA 

M5M44100B-7, -7S 



85 


Average supply current 

from Vcc, Fast-Page- 
Mode (Note 3,4,5) 


RAS = ViL 

CAS cycling 

tpc = min., output open 



100 

mA 





ICC6(AV) 

Average supply current 
from Vcc, CAS before 

RAS refresh mode 

(Note 3,5) 

M5M44100B-6, -6S 

CAS before RAS refresh 
cycling, tRC = min. 
output open 



85 

mA 

M5M44100B-7, -7S 



75 

ICC8(AV)* 

Average supply current from Vcc 

Extended-refresh cycle (Note 6) 

Stand-by : 

RAS S VCC - 0.2V 

_ CAS a VCC - 0.2V or CAS g 0.2V 

CAS before RAS refresh : 

RAS cycling CAS S 0.2V or 

CAS before RAS refresh cycling 
W S 0.2V or & VCC - 0.2V 

OE £ 0.2V or S VCC - 0.2V 

A0~A9 £ 0.2V or S VCC - 0.2V 

DQ = open 

tRC = 125 PS 

tRAS = tRAS min~l PS 




pA 

ICC9(AV)* 

Average supply current 
from Vcc, Self-refresh 
cycle (Note 6) 

M5M44100B(S) 

RAS = CAS £ 0.2V 

■ 

■ 

150 

P A 


Note 2. Current flowing into an 1C is positive, out is negative. 

3. ICCI (AV), ICC3(AV) and ICC4(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

4. ICCI(AV) and IcC4(av) are dependent on output loading. Specified values are obtained with the output open. 

5. Address can be changed once or less while RAS = ViL and CAS = Vih. 
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MITSUBISHI LSIs 


M5M441OOBJ,TP-6,-7,-68,-7S 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 


CAPACITANCE (Ta = 0~70‘C, Vcc = 5V ± 10%, Vss = OV, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, address m5M44100BJ.TP 
inputs 

Vi = Vss 

f = IMHz 

Vi = 25mVrms 



5 

pF 

Cl(D) 

Input capacitance, data input 



7 

PF 

Ci(W) 

Input capacitance, write control input 



7 

pF 

Ci(RaS) 

Input capacitance, RAS input 



7 

pF 

Cl (5^) 

Input capacitance, CaS input 



7 

pF 

Co 

Output capacitance 

Vo = Vss, f = 1 MHz, Vi = 25mVrms 



7 

pF 


SWITCHING CHARACTERISTICS (Ta = 0~70‘C, Vcc = 5V ± 10%, Vss = OV, unless otherwise noted) (Notes 6,13,14) 





Limits 


Symbol 

Parameter 


M5M44100B-6, -6S 

M5M44100B-7,-7S 

Unit 




Min 

Max 

Min 

Max 


tCAC 

Access time from CAS 

(Note 7.8) 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note 7.9) 


60 


70 

ns 

tAA 

Column Address access time 

(Note 7.10) 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7.11) 


35 


40 

ns 

tCLZ 

Output low impedance from CAS low 

(Note 7) 

5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 12) 

0 

15 

0 

20 

ns 


Note 6. An initial pau se o f 500 u s is req uired after power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containing a R AS clock such as RAS-only refresh). __ 

Note the RAS may be cycle d du ring the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater 
than 16.4 ms/128ms*) of RAS inactivity before proper device operation is achieved. 

7. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

8. Assumes that tRCD S tRCD(max) and tASC S tASC (max). 

9. Assumes that tRCD S tRCD(max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended value shown 

in this table. tRAC will increase by amount that tRCD or tRAD exceeds the value shown. 

10. Assumes that tRAD 6 tRAD (max) and tASCStASC(max). 

11. Assumes that tCP Step (max) and tASC S tASC(max). 

12. tOFF(max)and tOEZ(max) defines the time at which the output achieves the high impedance state (lOUTS I ± lOpA I ) and is not 
reference to VOH(min) or VOL(max). 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast Page Cycles) 

(Ta = 0~70'X), Vcc=5V ± 10%, Vss = OV, unless otherwise noted ) (Notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M44100B-6, -6S 

M5M44100B-7, -7S 

Min 

Max 

Min 

Max 

tREF 

Refresh cycle time 

M5M44100B 


16.4 


16.4 

ms 

M5M44100B(S) 


128 


128 

tRP 

RAS high pulse width 

40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 15) 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 16) 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 17) 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


ns 

tCAH 

Column address hold time after CAS low 

15 


15 


ns 

tT 

Transition time 

(Note 18) 

1 

50 

1 

50 

ns 


Note 13. The timing requirements are assumed tT = 5ns. 

14. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. 

15. tRCD (max) is specified as a reference point only. If tRCD is less than tRCD (max), access time is tRAC. 

If tRCD is greater than tRCD (max), access time is controlled exclusively by tCAC or tAA. 
tRCD(min)is specified as tRCD (min) = tRAH (min) + 2tT + tASC(min). 

16. tRAD(max) is specified as a reference point only. If tRAD 6 tRAD (max) and tASC S tASC (max), access time is controlled exclusively 
by tAA. 

17. tASC(max) is specified as a reference point only. If tRCD 6 tRCD (max) and tASC S tASC (max), access time is controlled exclusively 
by tCAC. 

18. tT is measured between yiH(min) and ViL(max). 
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MITSUBISHI LSIs 


M5M441OOBJ,TP-6,-7,-68,-7S 


FAST PAGE MODE 4194304>BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 


Read and Refresh Cycles 


Symbol 

Parameter 

1 Limits 


1 M5M44100B-6,-6S 

1 M5M44100B-7,-7S 

Min 

Max 

■SB 

Max 

tRC 

Read cycle time 

110 


■D^ 


ns 

tRAS 

RAS low pulse width 

60 


70 


ns 

tCAS 

CAS low pulse width 

15 

■Pinfiq 

20 

II>T>!>T»1 

ns 

tCSH 

CAS hold time after RAS low 

60 


70 


ns 

tRSH 

RAS hold time after CaS low 

15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tRCH 

Read hold time after CAS high (Note 19) 

0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 19) 

10 


10 


ns 

tRAL 

Column address to RAS hold time 

30 


35 


ns 


Note 19. Either tRCH or tRRH must be satisfied for a read cycle. 


Write Cycle (Early Write and Delayed Write Cycles) 


Symbol 

Parameter 

1 Limits 

Unit 

M5M44100B-6,-6S 

1 M5M44100B-7,-7S 

Min 

Max 

Min 

Max 

twc 

Write cycle time 

110 


130 


ns 

tRAS 

RAS low pulse width 

60 


70 


ns 

tCAS 

CAS low pulse width 

15 

UsKisisi 

20 


ns 

tCSH 


60 


70 


ns 

tRSH 


15 


20 


ns 

twcs 

Write setup time before CAS low (Note 22) 

0 


0 


ns 

tWCH 

Write hold time after CAS low 

10 


15 


ns 

tCWL 

CAS hold time after W low 

15 


20 


ns 

tRWL 

RAS hold time after W low 

15 


20 


ns 

tWP 

Write pulse width 

10 


15 


ns 

tDS 

Data setup time before CAS low or W low 

0 


0 


ns 

tDH 

Data hold time after CAS low or W low 



15 


ns 


Read-Write and Read-Modify-Write Cycles 





1 Limits 


Symbol 

Parameter 


li(5M44100B-6,-6S 

1 M5M44100B-7,-7S 

Unit 




Min 

Max 

Min 

Max 


tRWC 

Read Write cycle time 

(Note 20) 

130 


155 


ns 

tRMWC 

Read modify write cycle time 

(Note 21) 

130 


155 


ns 

tRAS 

RAS low pulse width 

85 

Missm 

95 


ns 

tCAS 

CAS low pulse width 

40 

H 

45 


ns 

tCSH 

CAS hold time after RAS low 

85 


95 


ns 

tRSH 

RAS hold time after CAS low 

40 


45 


ns 

tRCS 

Read setup time before CAS low 



0 


ns 

tCWD 

Delay time, CAS low to W low 

(Note 22) 

15 


20 


ns 

tRWD 

Delay time, RAS low to W low 

(Note 22) 

60 


70 


ns 

tAWD 

Delay time, address to W low 

(Note 22) 

30 


35 

■■■1 

ns 

tCWL 

CAS hold time after W low 

15 


20 

i 

ns 

tRWL 

RAS hold time after W low 

15 


20 


ns 

tWP 

Write pulse width 

10 


15 


ns 

tDS 

Data setup time before W low 

0 


0 


ns 

tDH 

Data hold time after W low 

10 


15 


ns 


Note 20. tRWC is specified as tRWC (min) = tRCD (max) + tCWD(min) + tRWL (min) + tRP (min) + 3tT. 

21. tRMWC is specified as tRMWC(min) = tRAC(max) + tRWL(min) + tRP(min) + 3tT. 

22. twcs, tRWD, tCWD, tAWD and tCPWD do not define the limits of operation, but are included as electrical characteristics only. When twcs 

Stwcs(min), an early write cycle is performed, and the data output keeps the high impedance state. When tRWD S tRWD (min), tcwD 
6 tCWD (min), tAWD S tAWD (min), and tCPWD 6 tCPWD(min) (for fast page mode cycle only), a read write cycle is performed, and 
the data of the selected address wiir be read out on the data output. _ 

If neither of the above condition (delayed write) is satisfied, the condition of Q (at access time and until CAS goes back to Vih) 
is indeterminate. 
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MITSUBISHI LSIs 

M5M441OOB J,TP-6,-7,-6S,-7S 


FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 


Fast-Page Mode Cycle (Read, Write, Read-WrIte, and Read-Modify-Write Cycles)(Note 23) 





Limits 


Symbol 

Parameter 


M5M44100B-6,-6S 

M5M44100B-7,-7S 

Unit 




Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 

40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

60 


70 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note 24) 

105 


115 


ns 

tCP 

CAS high pulse width 

(Note 25) 

10 

mm 

10 

15 

ns 

tCPRH 

RAS hold time after CA$ precharge 

35 


40 


ns 

tCPWD 

Delay time, CAS precharge to Wlow 

(Note 22)1 

35 


40 


ns 


Note 23. All previously specified timing requiremen ts an d sv^itching characteristics are applicable to their respective fast page mode cycle. 

24. tRAS(min) is specified as two cycles of CAS input are performed. 

25. tCP(max) is specified as a reference point only. 


CAS before RAS Refresh, Extended Refresh Cycle* (Note 26) 


Symbol 

Parameter 

Limits 

Unit 

M5M44100B-6,-6S 

M5M44100B-7, -7S 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

5 


5 


ns 

tCHR 

CAS hold time after RAS low 

10 


15 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


ns 

tRHR 

Read hold time after RAS low 

10 


15 


ns 

tCAS 

CAS low pulse width 

25 


30 


ns 


Note 26. Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 


Self Refresh Cycle* 
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MITSUBISHI LSIs 


M5M44100BJ,TP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 


Test Mode Specifications (Note 27) 

ELECTRiCAL CHARACTERiSTiCS (Ta = 0~70T), Vcc = 5V ± 10%, Vss = OV, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

ICC1 (AV) 

Average supply current 
from Vcc operating 

(Note 3,4,5) 

M5M44100B-6, -6S 

RAS, CAS cycling 
tRC = twc = min. 
output open 



115 

mA 

M5M44100B-7, -7S 



100 

ICC3(AV) 

Average supply current 
from Vcc refreshing 

(Note 3, 5) 

M5M44100B-6, -6S 

RAS cycling 

CAS = ViH, tRC = min. 
output open 



115 

mA 

M5M44100B-7, -7S 



100 

ICC4(AV) 

Average supply current 
from Vcc Fast-Page- 
Mode (Note 3,4,5) 

M5M44100B-6, -6S 

RAS = ViL 

CAS cycling 

tpc = min., output open 




mA 

M5M44100B-7. -7S 



100 

ICC6(AV) 

Average supply current 
from Vcc CAS before 
RAS refresh mode 

(Note 3, 5) 

M5M44100B-6. -6S 

CAS before RAS refresh 
cycling, tRC = min. 
output open 



100 

mA 

M5M44100B-7, -7S 





Note 27. All previously specified electrical characteristics, switching characteristics and timing requirements are applicable to that of test mode. 


SWiTCHiNG CHARACTERiSTiCS (Ta = 0~70°C,Vcc = 5V ± 10%, Vss = OV, unless otherwise noted)(Notes 6,13,14) 





Limits 


Symbol 

ParameterLimits 




Unit 







I2SEE9 


tCAC 


(Note 7,8) 


1 20 


IIB 

ns 

tRAC 


(Note 7,9) 




75 

ns 

tAA 


(Note 7,10) 




40 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


40 n 


45 

ns 


TIMING REQUIREMENTS (Ta = 0~70°C, Vcc = 5V ± 10%, Vss = OV, unless otherwise noted)(Notes 13,14) 

Read and Refresh Cycles 
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M5M441OOB J,TP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1 -BIT)DYNAMIC RAM 


Read-Write and Read-Modify-Write Cycies 


Symbol 

Parameter 

1 Limits 

Unit 

M5M44100B-6,-6S 

1 M5M44l00B-7,-7S 

Min 

Max 

Min 

Max 

tRWC 

Read write cycle time 

(Note 20) 

135 


160 


ns 

tRMWC 

Read modify write cycle time 

(Note 21) 

135 


160 


ns 

tRAS 

AaS low pulse width 

90 

H»!iT»T»l 

100 

lt>T«W>l 

ns 

tCAS 

CAS low pulse width 

45 

lEH 

50 

DHI 

ns 

tCSH 

CAS hold time after RA$ low 

90 


100 


ns 

tRSH 

RAS hold time after CaS low 

45 


50 


ns 

tCWD 

Delay time, CaS low to W low 

(Note 22) 

20 


25 


ns 

tRWD 

Delay time, RAS low to W low 

(Note 22) 

65 


75 


ns 

tAWD 

Delay time, address to W low 

(Note 22) 

35 


40 


ns 


Fast-Page Mode Cycie (Read, Write, Read-Write, and Read-Modify-Write Cycies) (Note 24) 





Limits 


Symbol 

Parameter 


M5M44100B-6,-6S 

1 M5M44100B-7,-7S 

Unit 




Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 

45 


50 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

65 


75 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note 25) 

115 


125 


ns 

tCPRH 

RAS hold time after CAS precharge 

40 


45 


ns 

tCPWD 

Delay time, CAS precharge to W low 

(Note 2^ 

40 


45 


ns 


Test Mode Set Cycie 




















































































































MITSUBISHI LSIs 

M5M441OOB J,TP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 


Note 28. Self refresh sequence 

Two refreshing ways should be used properly depending on 
the low pulse width (tRASs) of RAS signal during self refresh 
period. 

1. In case of tRASs < 300ms 

1.1 Distriduted refresh during Read/Write operation 
(A) Timing Diagrams 


Read/Write Cycle 


Self Refresh Cycle 


Read/Write Cycle 


RAS 


tNSD 




tRAss < 300ms 


tSND 




last refresh cycle 


first refresh cycle 


Table 2 


Read/Write Cycle 

Read/Write 

Self Refresh 

Self Refresh-^ 
Read/Write 

CBR distributed 
refresh 

tNSD + tSND ^ 16.4ms 

RAS only 
distributed refresh 

tNSD ^ 1 6 P S 

tSND ^ 16 p s 


(B) Definition of refresh 
Definition of CBR distributed refresh 

The CBR distributed refresh performs more then 
1024 discrete CBR cycles within 16.4 ms. 
Definition of RAS only distributed refresh 

All combination of ten row address signals (Ao~A9) 
are selected during 1024 discrete RAS only refresh 
cycles within 16.4 ms. 


1.1.1 CBR distributed Refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal 
in the last CBR refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within tNSO (shown 
in table 2). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the first CBR refresh cycle during read/ 
write operation period should be set within tsNoC shown 
in table 2). 

1.1.2 RAS only distributed refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNSO from the falling edge of RAS signal 
in the last RAS only refresh cycle during read/write 
operation period to the falling edge of RAS signal at the 
start of self refresh operation should be set within 16 p s. 

• Switching from self refresh operation to read/write operation. 
The time interval tsNO from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the first CBR refresh cycle during read/ 
write operation period should be set within 16-ps. 
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FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 


1.2 Burst refresh during Read/Write operation 
(A) Timing diagram 

_ Read/Write Self Refresh Read/Write 




tNSB 





tRASs < 300ms 


tSNB 


first ' refresh cycles 
refresh cycles 1023 cycles 


refresh cycles 
1023 cycles 




last 

refresh cycles 


Table 3 


Read/Write Cycle 

Read/Write-»■ 
Self Refresh 

Self Refresh 

Read/Write 

CBR burst 
refresh 

tNSB ^ 16.4ms 

tsNB ^ 16.4ms 

RAS only burst 
refresh 

tNSB + tSNB ^ 16.4ms 


(B) Definition of burst refresh 
Definition of CBR burst refresh 

The CBR burst refresh performs more then 1024 
continuous CBR cycles within 16.4ms. 

Definition of RAS only burst refresh 

All combination of ten row address signals (Ao~A9) 
are selected during 1024 continuous RAS only 
refresh cycles within 16.4 ms. 


1.2.1 CBR distributed Refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNSB from the falling edge of RAS signal 
in the first CBR refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within 16.4 ms. 

• Switching from self refresh operation to read/write operation. 
The time interval tSNB from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the last CBR refresh cycle during read 
/write operation period should be set within 16.4 ms. 

1.2.2 RAS only distributed refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal 
in the first RAS only refresh cycle during read/write 
operation period to the falling edge of RAS signal at the 
start of self refresh operation should be set within tNSB 
(shown in table 3). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the last RAS only refresh cycle during read/ 
write operation period should be set within tsNB (shown 
in table 3). 
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2. In case of tRAss ^ 300ms 
(A) Timing diagram 


Self Refresh 


Read/Write 


4.i-.A4^r. nr\r\ _- 







.rxrxpj- 


refresh cycle 
1024 cycle 


Table 4 


Read/Write 

Self Refresh-^Read/Wirte 

CBR distributed refresh 

RAS only distributed refresh 
CBR burst refresh 

RAS only burst refresh 

tREF ^ 16.4ms 


(B) Definition of refresh 

The same as 1.1-(B) and 1.2-(B) 

2.1 

Regardless of the refresh (CBR distributed refresh, RAS only 
distributed refresh, CBR burst refresh, RAS only burst refresh) 
during Read/Write operation the minimum of 1024 cycles 
refresh should be preformed within 16.4 ms from the rising 
edge of RAS signal at the end of self refresh operation. 
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Timing Diagrams (Note 29) 
Read Cycle 



Note 29. 



Indicates the don’t care input. 

ViH (min) S ViN S ViH (max) or ViL (min) S ViN S ViL (max). 
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Write Cycle (Early write) 



VoH- __ Hi-Z 

VoL - 
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Write Cycle (Delayed Write) 


VlH- 

ra5 

ViL - 


CAS 


ViH - 

VlL- 


Ao~Aio 


ViH - 
VlL- 


w 


ViH - 

VlL- 


VlH - 
VlL- 


Q 


VOH - 
VOL- 
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Read-Write, Read-Modify-Write Cycle 


tRWC 
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CAS before RAS Refresh Cycle, Extended Refresh Cycle * 
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M5M441OOB JJP-6,-7,-6Sr7S 

FAST PAGE MODE 4194304>BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 


Self Refresh Cycle* (Note 28) 
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MITSUBISHI LSIs 


M5M441OOBJ,TP-6,-7,-68,-7S 


FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 3i) 



Note 31. Early write, delayed write, read write or read modify 
Timing requirements and output state are the same 


write cycle is applicable instead of read cycle, 
as that of each cycle shown above. 
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M5M441OOBJ,TP-6,-7r6Sr7S 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 


Fast Page Mode Read Cycle 


RA5 


VlH- 

VlL- 




VlH- 

VlL- 


Ao~Aio 


VlH- 

VlL- 


w 


VlH- 

VlL- 


D 


VlH- 

VlL- 


VOH - 
VOL - 
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M5M441OOB J,TP-6,-7,-6Sr7S 

FAST PAGE MODE 4194304-BIT(4194304>WORD BY 1-BIT)DYNAMIC RAM 


Fast Page Mode Write Cycle (Early Write) 



VoH - Hi-Z 

Q -^---- 

VoL - 
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M5M441OOBJ,TP-6,-7,-68,-7S 


FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 


Fast Page Mode Write Cycle (Delayed Write) 
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M5M441OOB J,TP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 


Fast Page Mode Read-Write, Read-Modify-Write Cycle 
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MITSUBISHI LSIs 

M5M441OOB J,TP-6,-7,-6Sr7S 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 


Test Mode Set Cycle (Note 32) 






Ao~Aio 


W 



Note 32. This cycle is also available for the initialization cycle, but in this case device enters test mode. 

The test mode function is initiated with a W and CAS before RAS cycle (WCBR cycle) as specified above timing 
diagram. 

The test mode function is terminated by either a CAS before RAS (CBR) refresh or a RAS only refresh cycle. 
During the test mode, the device is internally organized as 16-bits wide (256 kilobytes deep). 

No addressind of Aio (both row and column) and AO,Ai (column only) is required. 

During a write cycle, data on the input pin is written in parallel into all 16-bit6. 

During' a read cycle, the each output pin indicates a HIGH state if all 16-bits are equal, and a LOW state if 
any bits differ. 

During the test mode operation, a WCBR cycle is used to perform refresh. 
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MITSUBISHI LSIS 


M5M44100CJ,TP-5,-6,-7, 

-5S,-6Sr7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 4194304-word by 1-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer metalization process technology and a 
single-transistor dynamic storage stacked capacitor cell provide 
high circuit density at reduced costs. Multiplexed address inputs 
permit both a reduction in pins and an increase in system 
densities. Self or extended refresh current is low enough for 
battery back-up application. 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

Cycle 
time 
(min.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

M5M44100CXX-5,-5S 

50 

13 

25 

90 

500 

M5M44100CXX-6,-6S 

60 

15 

30 

110 

400 

M5M44100CXX-7,-7S 

70 

20 

35 

130 

350 


XX=J,TP 


•Standard 26pin SOJ, 26pin TSOP ( n ) 

•Single 5V±107o supply 
•Low stand-by power dissipation 

CMOS Input level - --. 5.5mW (Max) 

CMOS Input level .....550 fx W (Max) ♦ 

•Operating power dissipation 

M5M44100Cxx-5,-5S-687.5mW (Max) 

M5M44100Cxx-6,-6S..—-550.0mW (Max) 

M5M44100Cxx-7,-7S-467.5mW (Max) 

•Self refresh capability * 

Self refresh current -....---120 fx A(Max) 

•Extended refresh capability 

Extended refresh current....120 A(Max) 

• Fast -page mode(2 048- column rando m access), Read-modify-write, 
RAS-only refresh, CAS before RAS refresh. Hidden refresh 
capabilities. 

•Early-write operation gives common I/O capability. 

• 1024 refresh cycles every 16.4ms (Ao ~A9) 

• 1024 refresh cycles every 128ms (Ao ~A9) * 

• 16-bit parallel test mode capability 

* :Applicable to self refresh version (M5M44100CJ,TP-5S,-6S,-7S 
:option) only 


PIN CONFIGURATION (TOP VIEW) 


D E 


ID VSS 

w [7 


i5| Q 

Ms |2 


151 Ca§ 

NC IT 


HI NC 

AlO [T 

3 

u 

o 

o 

M 

Ao [E 

2 

iH As 

At Oo 


17] A7 

a 2 in 


M As 

a 3 m 


il A5 

vcc 01 


is a4 

Outline 26P0J(300mil SOJ) 

D d 


m VSS 

W [2 


H Q 

Ms [3 


24] CAS 

NC E 


H NC 

AlO E 

S 

ai 

S 

o 

o 


AO [E 

o 

H 

iS AS 

A 1 |io 

*0 

A7 

A2 03 


H A6 

As 02 


in AS 

vcc 01 


iS A4 

Outline 26P3Z-E(300mil TSOP) 

NC:NO CONNECTION 


APPLICATION 

Main memory unit for computers. Microcomputer memory. Refresh 
memory for CRT 


PIN DESCRIPTION 


1 Pin name 

Function 

> 

o 

> 

o 

Address inputs 

D 

Data input 

Q 

Data output 


Row address strobe input 

CAS 

Column address strobe input 

W 

Write control input 

Vcc 


Vss 

Ground (OV) | 


M5M44100CJ,TP-5.-5S:Under development 
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MITSUBISHI LSIs 

M5M44100CJ,TP-5r6,-7,-5S,-6S,-7S 


FAST PAGE MODE 4194304-BlT (4194304-WORD BY 1-BIT) DYNAMIC RAM 


FUNCTION 

In addition to normal read, write, and read-modify-write operations 
the M5M44100CJ,TP provide a number of other functions, e. g.. 


fast page mode, RAS-only refresh, and delayed-vyrite. The input 
conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Output 

Refresh 

Remark 

RAS 

CAS 


D 



Q 

Read 

ACT 

ACT 

NAC 

DNC 

APD 

APD 

VLD 

YES 

Fast page mode 
identical 

Write (Early write) 

ACT 

ACT 

ACT 

VLD 

APD 

APD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

VLD 

APD 

APD 

IVD 

YES 

Read-modify-write 

ACT 

ACT 

ACT 

VLD 

APD 

APD 

VLD 

YES 

RAS only refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

DNC 

DNC 

DNC 

DNC 

VLD 

YES 


CAS before RAS (Extended*) refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

OPN 

YES 


Self refresh* 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note : ACT ; active, NAC : nonactive, DNC : don't care, VLD : vaiid, IVD : invalid, APD : applied, OPN : open 


BLOCK DIAGRAM 


ROW ADDRESS_ 

STROBEiNPUT RAS 
COLUMN ADDRESS CAS 
STROBE INPUT 

WRITE CONTROL w 
INPUT 


rAo 

At 

A2 


A3 

A4 


ADDRESS INPUTS< 


As 

AS 


A7 


As 

A9 

AlO 



VCC (5V) 
VSS (OV) 


D DATA INPUT 


Q DATA OUTPUT 
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MITSUBISHI LSIs 


M5M441OOC J,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-1 ~7 

V 

Vi 

Input voltage 

-1 ~7 

V 

Vo 


-1 ~7 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25“C 

1000 

mW 

Topr 

Operating temperature 


0~70 

°C 

Tstg 

Storage temperature 


•65 ~ 150 

“C 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70'’C, unless otherwise noted) (Notei) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Norn 

Max 

Vcc 

Supply voltage 


5.0 

5.5 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

VIH 

High-level input voltage, all inputs 

2.4 



V 

VIL 

Low-level input voltage, all inputs 

-2.0 


1 0.8 1 

V 


Note 1; All voltage values are with respect to Vss. 


ELECTRICAL CHARACTERISTICS (Ta=0-70 °C, Vcc=5V±10%, Vss=0V, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

Min 

Typ 

Max 

VOH 

High-level output voltage 

IOH=-5mA 

2.4 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=4.2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating, OV^VouT^ 5.5V 

-10 


10 

aa 

1 1 

Input current 

0V^Vin^+ 6.5V, Other inputs pins=0V 

-10 


10 

AA 

Icci (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M44100C-5,-5S 

RAS, CAS cycling 
tRc=twc=min. 
output open 



125 

mA 

M5M44100C-6,-6S 



100 

M5M44100C-7,-7S 



85 

|CC2(AV) 

Supply current from V cc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

^=C^^Vcc-0.5V 
output open 



1.0 



0.1* 

ICC3(AV) 

Average supply current 
from Vcc, RAS only 
refresh mode (Note 3,5) 

M5M44100C-5,-5S 

RAS cycling, CAS= Vih 

tRC=min. 

output open 



125 

mA 

MSM44100C-6,-6S 



100 

M5M44100C-7,-7S 



85 

|CC4(AV) 

Average supply current 
from Vcc, Fast Page 

Mode (Note 3,4,5) 

M5M44100C-5,-5S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 




mA 

M5M44100C-6,-6S 



85 

M5M44100C-7,-7S 



75 

|CC6(AV) 

Average supply current 
from Vcc, CAS before RAS 
refresh mode (Note 3,5) 

M5M44100C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



105 

mA 

M5M44100C-6,-6S 



85 

M5M44100C-7,-7S 



75 

|CC8(AV)* 

Average supply current from V cc, 
Extended-Refresh mode (Note 6) 

RAS cycjing CAS ^0.2V or CAS 
before RAS refresh cycling 

R^^0.2V or ^Vcc-0.2V 

CAS^0.2V or ^Vcc-0.2V 
W^0.2V(Except for RAS falling edge) 
or ^Vcc-0.2V 

Ao-Aio^0.2V or ^Vcc-0.2V, Q=open 
tRC=125 (1 s, tRAS=tRAsmin~1 [x s 

1 

1 

120 

aa 

lGC9(AV)* 

Average supply current from Vcc, 

Self-Refresh mode (Note 6) 

^=CAS^0.2V 
output open 


■ 

120 

IB 


Note 2: Current flowing into an IC is positive, out is negative. 

3: ICCI (AV), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: Icci (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

5: Column address can be changed once or less while RAS=V IL and CAS=VIH 
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MITSUBISHI LSIs 


M5M44100ej,TP-5r6,-7,-5Sr6S,-7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~70°C, Vcc=5Yt 10%, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 


Max 

Cl (A) 

IriDUt caDacitance. address inputs 

Vi=Vss 



5 

PF 

Cl(CLK) 

Input capacitance, clock inputs 

f=1MHz 



7 

PF 

Cl(D) 

Input capacitance, data input 

Vi=25mVrms 



7 

pF 

Co 

Output capacitance 

Vo=Vss, f=1MHz, Vi=25mVrms 



7 

pF 


SWITCHING CHARACTERISTICS (Ta^O-yo'C. Vcc = 5V±10%. Vss=0V. unless otherwise noted, see notes 6,13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M44100C-5,-5S 

M5M44100C-6,-6S 

M5M44100C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCAC 


(Note 7,8) 


13 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note 7,9) 


50 


60 


70 

ns 

tAA 

Coiumn address access time 

(Note 7,10) 


25 


' 30 


35 

ns 

tCPA 

Access time from CAS precharqe 

(Note 7,11) 


30 


35 


40 

ns 

tCLZ 

Output iow impedance time from CAS iow 

(Note 7) 

5 


5 


5 


ns 

tOFF 

Output disabie time after CAS hioh 



13 


15 


20 

ns 


Note 6:An initial pause of 200 yu s is required after power-up followed by a minimum of eight initialization cycles (RAS- only refresh or CAS before RAS refresh 
cycles). 

Note the RAS may be cycled during the initial pause. And 8 inKialization cycles are required after prolonged periods (greater than tREF(max)) of RAS 
inactivity before proper device operation is achieved. 

7:Measured with a load circuit equivalent to 2TTL loads and 100pF. 

8:Assumes that tRCDStRCD(max) and tASCfetASC(max). 

9:Assumes that tRCD^tRCD(max) and tRAD^tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAG will 
increase by amount that tRCD dr tRAD exceeds the value shown. 

10:Assumes.that tRADfe tRAD(max) and tASCStASC(max). 

11:Assumes that tCP^tCP(max) and tASC^tASC(max). 

12:tOFF(max) defines the time at which the output achieves the high impedance state (I OUT^ I ±10// a| ) and is not reference to VOH(min) or VOLfmax). 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta=0 ~70°C, Vcc = 5V±10%, Vss=0V, unless otherwise noted, see notes 6,13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M44100C-5,-5S 

M5M44100C-6,-6S 

M5M44100C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tREF 

Refresh cycle time 


16,4 


16.4 


16.4 

ms 

tREF 

Refresh cycie time* 


128 


128 


128 

ms 

tRP 


30 


40 


50 


ns 

tRCD 

Deiav time, RAS low to CAS low (Note 15) 

18 

37 

20 

. 45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


5 


ns 

tRPC 

Delay time, RAS high to CAS iow 

0 


0 


0 


ns 

tCPN 

CAS high puise width 

10 


10 


10 


ns 

tRAD 

Column address delay time from RAS iow (Note 16) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low (Note 17) 

0 

7 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

13 


15 


15 


ns 

tT 

Transition time (Note 18) 

1 


1 

50 

1 

50 

ns 


Note 13: The timing requirements are assumed tT=5ns. 

14: VlH(min) and VIL(max) are reference levels for measuring timing of input signals. 

15: tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max). access time Is 
controlled exclusively by tCAC or tAA. 

16: tRAD(max) is specified as a reference point only. If tRAD^tRAD(max) and tASCStASC(max), access time is controlled exclusively by tAA. 

17: tASC(max) is specified as a reference point only. If tRCDitRCD(max) and tASCitASC(max), access time is controlled exclusively by tCAC. 

18: tr is measured between VlH(min) and VlL(max). 
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MITSUBISHI LSIs 


M5M44100CJ,TP-5,-6,-7,-5Sr6S,-7S 


FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 


Read and Refresh Cycles 




Read cvcie time 


RAS low Dulse width 


CAS low Dulse width 


Limits 


M5M44100C-5,-5S M5M44100C-6,-6S M5M44100C-7,-7S 


Min Max Min Max Min Max 



RAS hold time after CAS low 


Read SetuD time before CAS low 


Read hold time after CAS hiqh 


Read hold time after RAS high 


Column address to RAS hold time 


Note 19: Either tRCH or tRRH must be satisfied for a read cycle 


Write Cycle (Early Write and Delayed Write) 




Write setuD time before CAS low 


Write hold time after CAS low 




Write Dulse width 


Data setUD time before CAS low or W low 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 1 

Unit 

M5M44100C-5,-5S{ 

M5M44100C-6,-6S| 

M5M44100C-7,-7S| 

Min 1 


Min I 

Max 

Min 

Max 

tRWC 

Read write/read modify write cycle time (Note 20) 


rzn 



155 


ns 

tRAS 

RAS low Dulse width 

68 


80 

KTOWtl 

95 


ns 

tCAS 

CAS low pulse width 

31 


35 


45 

IBMiTtl 

ns 

tCSH 


68 


80 


95 


ns 

tRSH 

RAS hold time after CAS low 

31 




45 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 21) 

13 


15 


20 


ns 

tRWD 

Delay time. RAS low to W low (Note 21) 

50 


60 


70 


ns 

tAWD 

Delay time, address to W low (Note 21) 

25 


30 


35 


ns 

tCWL 


13 


15 


20 


ns 

tRWL 

RAS hold time after W low 

13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


15 


ns 

tDS 

Data setup time before CAS low or W low 

0 


0 


0 


ns 

tDH 

Data hold time after CAS low or W low 

8 


10 


15 


ns 


Note 20: tRWC is specified as tRWC(min)=tRAC(max)+tRWL(min)+tRP(min)+3tT. 

21: twos, tRWD, tCWD, tAWDand tCPWD are specified as reference points only. If tWCsatWCS(min) the cycle is an early write cycle and the data output 
keeps the high impedance state. If tCWDStCWD(min), tRWDStRWD(min), tAWD^tAWO(min) and tCPWDfetCPWD(min) (for fast page mode cycle only), the 
cycle is a read-modify-write cycle and the data will contai n the data read from the selected address. If neither of the above condition (delayed write) is 
statisfied, the condition of the Q (at access time and until CAS goes back to VIH) is indeterminate. 
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MITSUBISHI LSIs 


M5M44100CJ,TP-5,-6,-7,-58,-68,-78 


FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 


Fast page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 22) 





Limits 


Symbol 

Parameter 


M5M44100C-5,-5S 

M5M44100C-6,-6S 

M5M44100C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 

35 


40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

53 


60 


70 


ns 

tRAS 

RAS low pulse width for read or write cycle 

(Note 23) 

85 


100 

iriMiWil 

115 


ns 

tCP 

CAS high pulse width 

(Note 24) 

8 

12 

10 

15 

10 

15 

ns 

tCPRH 

RAS hold time after CAS precharge 

30 


35 


40 


ns 

tCPWD 

Delay time, CAS precharge to W low 

(Note 21) 

30 


35 


40 


ns 


Note 22: All previously specified timing require ments and switching characteristics are applicable to their respective fast page mode cycle. 
23: tRAS(min) is specified as two cycles of CAS input are performed. 

24: tCP(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle, Extended Refresh Cycle * (Note 25) 


Symbol 

Parameter 

Limits 

Unit 

M5M44100C-5,-5S 

M5M44100C-6,-6S 

M5M44100C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

CAS setuD time before RAS low 

5 


5 


5 


ns 

tCHR 


10 


10 


15 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 


10 


10 


15 


ns 

tCAS 

CAS low pulse width 

20 


20 




ns 


Note 25: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 


Self Refresh Cycle * (Note 26) 


Symbol 

Parameter 

Limits 

Unit 

M5M44100C-5,-5S 

M5M44100C-6,-6S 

M5M44100C-7,-7S 



■AlliW 


BAUM 


tRASS 

CBR self refresh RAS low pulse width 

100 


100 


100 


fiS 

tRPS 

CBR self refresh RAS high precharge time 

90 


110 


130 


ns 

tCHS 

CBR self refresh CAS hold time 

-50 


-50 


-50 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 

Read hold time after RAS low 

10 


10 


15 


ns 


Test Mode Specification (Note 27) 

ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vcc=5V±10%, Vss=0V, unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

BiS 

Max 

ICCI (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M44100C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



145 

mA 

M5M44100C-6,-6S 



115 

M5M44100C-7,-7S 



100 

|CC3 (AV) 

Average supply current 
from Vcc, RAS only 
refresh mode (Note 3,5) 

M5M44100C-5,-5S 

RAS cycling, CAS=Vih 

tRC=min. 

output open 



145 

mA 

M5M44100C-6,-6S 



115 

M5M44100C-7,-7S 



100 

|CC4 (AV) 

Average supply current 
from Vcc, Fast Page 
mode (Note 3,4,5) 

M5M44100C-5,-5S 

RAS=Vil, CAS cycling 

tPC=min. 

output open 



120 

mA 

M5M44100C-6,-6S 



100 

M5M44100C-7,-7S 



85 

ICC6 (AV) 

Average supply current 
from vcc, CAS before RAS 
refresh mode (Note 3,5) 

M5M44100C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



120 

mA 

M5M44100C-6,-6S 



100 

M5M44100C-7,-7S 



85 


Note 27:AII previously specified electrical characteristics, switching characteristics, and timing requirements are applicable to that of rest mode. 
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MITSUBISHI LSIs 


M5M44100CJJP-5r6,-7r5Sr6Sr7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 


SWITCHING CHARATERISTICS (Ta=0~70°C, Vcc=5V±10%, Vss=0V. unless otherwise noted, see notes 6,13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M44100C-5,-5S 

M5M44100C-6,-6S 

M5M44100C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCAC 

Access time from CAS 

(Note 7, 8) 


18 


20 


25 

ns 

tRAC 

Access time from RAS 

(Note 7, 9) 


55 


65 


75 

ns 

tAA 

Column address access time 

(Note 7, 10) 


30 


35 


40 

ns 

tCPA 

Access time from CAS orecharae 

(Note 7,11) 


35 


40 


45 

ns 


TIMING REQUIREMENTS (Ta=0~70°C, Vcc=5V±10%, Vss=0V, unless otherwise noted, see notes 13,14) 

Read and Refresh Cycle 


Symbol 

Parameter 

Limits 

Unit 

M5M44100C-5,-5S 

M5M44100C-6,-6S 

M5M44100C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

95 


115 


135 


ns 

tRAS 

RAS low pulse width 

55 


65 


75 


ns 

tCAS 

CAS low pulse width 

18 

IBIiWil 

20 


25 


ns 

tCSH 

CAS hold time after RAS low 

55 


65 


75 


ns 

tRSH 

RAS hold time after CAS low 

18 


20 


25 


ns 

tRAL 

Column address to RAS hold time 

30 


lESI 


40 


ns 


Read-Write and Read-Modify-Write Cycle 





Limits 


Symbol 

Parameter 


M5M44100C-5,-5S 

M5M44100C-6,-6S 

M5M44100C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tRWC 

Read write/read modify write cycle time 

(Note 20) 

113 


135 


160 


ns 

tRAS 

RAS low pulse width 

73 

lW»WiM 

85 

IWiMiM 

100 


ns 

tCAS 

CAS low pulse width 

36 


40 

IWiMiM 

50 

■itmw 

ns 

tCSH 

CAS hold time after RAS low 

73 


85 


100 


ns 

tRSH 

RAS hold time after CAS low 

36 


40 


50 


ns 

tCWD 

Delay time, CAS low W low 

(Note 21) 

18 


20 


25 


ns 

tRWD 

Delay time, RAS low W low 

(Note 21) 

55 


65 


75 


ns 

tAWD 

Delay time, address to W low 

(Note 21) 

30 


35 


40 


ns 


Fast page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) 


Symbol 

Parameter 

Limits 

Unit 

M5M44100C-5,-5S 

M5M44100C-6,-6S 

M5M44100C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tPC 

Fast page mode read/write cycle time 

40 


45 


50 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

58 


65 


75 


ns 

tRAS 

RAS low pulse width for read or write cycle (Note 23) 

95 

WiMiTaa 

110 

MtWiwa 

125 


ns 

tCPRH 

RAS hold time after CAS precharge 

35 


40 


45 


ns 

tCPWD 

Delay time, CAS precharge to W low (Note 21) 

35 


40 


45 


ns 


Test Mode Set Cycle 


Symbol 

Parameter 

Limits 

Unit 

M5M44100C-5,-5S 

M5M44100C-6,-6S 

M5M44100C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tWSR 

Write setup time before RAS low 

10 


10 


10 


ns 

tWHR 


10 


10 


15 


ns 


A MITSUBISHI 
ELECTRIC 


2-33 






















































































































































































































MITSUBISHI LSIS 

M5M441OOC J ,TP-5,-6,-7,-5Sr6S,-7S 


FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 






MITSUBISHI LSIs 


M5M441OOCJ JP-5r6r7,-5Sr6S,-7S 


FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 
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M5M441OOCJ,TP-5,-6,-7,-5Sr6Sr7S 


FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 
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MITSUBISHI LSIS 


M5M44100CJ,TP-5,-6r7r5S,-6S,-7S 


FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 
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MITSUBISHI LSIS 


M5M44100CJ,TP-5r6,-7r5S,-6S,-7S 


FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 
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MITSUBISHI LSIs 

M5M44100CJ,TP-5,-6r7r5S,-6Sr7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1 -BIT) DYNAMIC RAM 
CAS before RAS Refresh Cycle, Extended Refresh Cycle * 




CAS 


Ao~Aio 


W 



A 


MITSUBISHI 

ELECTRIC 
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M5M44100CJ,TP-5r6r7r5Sr6S,-7S 


FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Noteso) 
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M5M44100CJ,TP-5,-6,-7,-58,-68,-78 


FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 
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MITSUBISHI LSIS 

M5M44100CJ,TP-5,-6,-7,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 
Fast Page Mode Write Cycle (Early Write) 
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FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 
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FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 
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MITSUBISHI LSIs 


M5M44100CJJP-5,-6r7r5S,-6Sr7S 


FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 


Self Refresh Cycle* (Note 26 ) 



ROW ycOLUMN 

ddressAaddress 












MITSUBISHI LSIs 

M5M441OOCJ,TP-5,-6,-7,-5Sr6S,-7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BiT) DYNAMIC RAM 


Test Mode Set Cycle (Note 31) 




Note 31: The cycle is also available for the initialization c ycle, but in th is ca se device enters test mode. 

The test mode function is initiated with a W and CAS before RAS cycle (WCBR cycl e) as specified above timing diagram. 
The test mode function is terminated by either a CaS before FtAS(CBR) refresh or a RAS only refresh cycle. 

During the test mode, the device is internally organized as 16-bits wide (256k-bytes deep) for each DQ (input/output) port. 
No addressing of Aio (both row and column) and Ao, Ai (column only) is required. 

During a write cycle, data on the input pin is written in parallel into all 16-bits. 

During a read cycle, the each output pin indicates a HIGH state if all 16-bits are equal, and a LOW state if any bits differ. 
During the test mode operation, a WCBR cycle is used to perform refresh. 
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MITSUBISHI LSIS 


M5M441OOC J ,TP-5,-6r7r5S,-6Sr7S 


FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 


Note 26;Self refresh sequence 

Two refreshing methods should be used properly depending on the 
low pulse width(tRASs) of RAS signal during self refresh period. 


1. Distributed refresh during Read/Write operation 



refresh cycle refresh cycle 


Table 2 


Read/Write Cycle 

Read/Write->- 
Self Refresh 

Self Refresh-* 
Read/Write 

CBR distributed 
refresh 

tNSD^125/iS 

tSND^125/<S 

RAS only 
distributed refresh 

tNSD^16/^S 

tSND^16/l/S 


(B) Definition of distributed refresh 


RAS 


tREF 


tREF/1024 


refresh I read/write 

cycle cycles 


tREF/1024 


refresh 

cycle 





Definition of GBR distributed refresh 
(Including extended refresh^ 

The CBR distributed refresh performs more than 1024 
constant period (125 //s max.) CBR cycles within 128ms. 
Definition of RAS only distributed refresh 

All combinations of row address signals (Ao~A9) are 
selected during 1024 constant period (16 /^s max.) RAS 
only refresh cycles within 16.4ms. 

Note: 

Hidden refresh may be used instead of CBR refresh. 

RAS/CAS refresh may be used instead of RAS only refresh. 

1.1 CBR distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time inten/al from the falling edge of RAS signal in the last 
CBR refresh cycle during read/write operation period to the falling 
edge of RAS signal at the start of self refresh operation should be 
set within tNSO (shown in table 2). 


• Switching from self refresh operation to read/write operation. 

The time interval from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in the 
first CBR refresh cycle during read/write operation period should 
be set within tsNO (shown in table 2) 

1.2 RAS only distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interval tNSO from the falling edge of RAS signal in the 
last RAS only refresh cycle during read/write operation period to 
the falling edge of RAS signal at the start of self refresh 
operation should be set within 16 ;<s. 

• Switching from self refresh operation to read/write operation. 

The time interval tsNO from the rising edge of RAS signal at the 
end of self refresh operation to the falling edge of RAS signal in 
the first CBR refresh cycle during read/write operation period 
should be set within 16 s. 
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MITSUBISHI LSIs 

M5M44100CJ,TP-5,-6,-7,-58,-68,-78 


FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 


2. Burst refresh during Read/Write operation 
(A) Timing diagram 


Read/Write 




Self Refresh 


Read/Write 


RAS 



tNSB 

tRASS^IOOiiS 

H H 

tSNB 1 



ff 





■ 

r 


lT 






first 

refresh cycles 


refresh cycles 

last " 


refresh 1023 cycles 
cycles 


1023 cycles refresh 

cycles 


Table 3 


Read/Write Cycle 

Read/Write^ 

Self Refresh 

Self Refresh^ 
Read/Write 

CBR burst 
refresh 

tNSB^ 16.4ms 

tSNB^ 16.4ms 

RAS only 
burst refresh 

tNSB+tSNB^16.4mS 


(B) Definition of burst refresh 


RAS 


16.4ms 





l/\J \J^- 


refresh cycles 
1024 cycles 


read/write cycles 


Definition of CBR burst refresh 

The CBR burst refresh performs more than 1024 continuous 
CBR cycles within 16.4ms. 

Definition of RAS only burst refresh 

All combination of row address signals (Ao~A9) are 
selected during 1024 continuous RAS only refresh cycles 
within 16.4ms. 

2.1 CBR burst refresh 

• Switching from read/write operation to self refresh operation. 

The time interval tNse from the falling edge of RAS signal in the 
first CBR refresh cycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within 16.4ms. 

• Switching from self refresh operation to read/write operation. 

The time interval tSNS from the rising edge of RAS signal at the 
end of self refresh operation to the falling edge of RAS signal in 
the last CBR refresh cycle during read/write operation period 
should be set within 16.4ms. 


2.2 RAS only burst refresh 

• Switching from read/write operation to self refresh operation. 

The time interval from the falling edge of RAS signal in the first 
RAS only refresh cycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within tNSB (shown in table 3). 

• Switching from self refresh operation to read / write operation. 
The time interval from the rising edge of RAS signal at the end of 
self refresh operation to the falling edge of RAS signal in the last 
RAS only refresh cycle during read/write operation period should 
be set within tSNB (shown in table 3). 
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MITSUBISHI LSIs 


M5M44400BJ,TP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


DESCRIPTION 

This is a family of 1048576-word by 4-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is 
ideal for large-capacity memory systems where high speed, 
low power dissipation, and low costs are essential. 

The use of quadruple-layer polysilicon process combined 
with silicide technology and a single- transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. 

Multiplexed address inputs permit both a reduction in pins 
and an increase in system densities. 

Self or extended refresh current is small enough for battery 
back-up application. 

FEATURES 


PIN CONFIGURATION (TIO WIVEW) 


Type name 

RAS access 
time 

(max. ns) 

CAS access 
time 

(max. ns) 

Address 

access 
(max. ns) 

M5M44400BXX-6,-6S 

60 

15 

30 

M5M44400BXX-7,-7S 

70 

20 

35 




Type name 

OE access 
time 

(max. ns) 

Cycle 

time 

(min. ns) 

Power 
dissipation 
(typ. mW) 

M5M44400BXX-6,-6S 

15 

110 

400 

M5M44400BXX-7,-7S 

20 

130 

350 


DATA INPUTS/J ' 
OUTPUTS >dQ2. 


ROW ADDRESS, 
STROBE input' 


ADDRESSJ AO- 
INPUTSS . 

A2- 
A3- 
(5V) Vcc 



■DQ4 \data inputs/ 

>OUTPUTS 
J COLUMN 
^ A c ADDRESS 
■LAa STROBE INPUT 

-OE OUTPUT 
ENABLE 
INPUT 


•ADDRESS 

INPUTS 


Outline 26P0J(300mil SOJ) 


DATA INPUTS/ f DQ' 
OUTPUTSj pq2 
WRITE CONTROL ^ 
INPUT W 
ROW ADDRESS Baq 
STROBE INPUT 

r A9 


ADDRESS 

INPUTS 


;SSJ AO 
Al 
A2 
, A3 
(5V) Vcc 



VSS(OV) 

DATA INPUTS/ 
DQ3j OUTPUTS 

COLUMN ADDRESS; 
CAS STROBE INPUT 

OE OUTPUT 

ENABLE INPUT 


ADDRESS 

INPUTS 


• Standard 26pin SOJ, 26pin TSOP (H) 

• Single 5V ± 10 % supply 

• Low stand-by power dissipation 

' CMOS Input level.5.5mW(max) 

CMOS Input level.0.55mW(max)* 

• Low operating power dissipation 

M5M44400BXX-6,-6S . 550.0mW(max) 

M5M44400BXX-7.-7S ... 467.5mW(max) 

• Self refresh capability* 

Self refresh current . 150 u A (max) 

• Extended refresh capability 

Extended refresh current. 150 p A (max) 

• Fast-page mode(1024-bit random access), Read-modify- 
write, RAS-only refresh, CAS before RAS refresh. Hidden 
refresh, CBR Self Refresh (-6S,-7S) capabilities. 

• Early write mode and OE to control output buffer 


Outline 26P3Z-E(TSOP) 


impedance 

• All inputs, output TTL compatible and low capacitance 

• 1024 refresh cycles every 16.4ms (Ao~As) 

• 1024 refresh cycles every 128ms (Ao—Ag) * 

• 4-bit parallel test mode capability 

* : Applicable to self refresh version (M5M44400BJ. TP 
-6S, - IS : option) only. 


APPLICATION 

Main memory unit for computers. Microcomputer memory. 
Refresh memory for CRT 
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MITSUBISHI LSIs 

M5M44400BJ,TP-6r7,-6Sr7S 


FAST PAGE MODE 4194304>BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


FUNCTION 

The M5M44400BJ,TP provide, in addition to normal read, functions, e.g., fast page mode, RA$-only refresh, and delayed- 
write, and read-modify-write operations, a number of other write. The input conditions for each are shown in Table 1. 


Table 1 Input condition for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

Remark 

RA§ 

CAS 

w 

OE 

Row 

address 

Column 

address 



D 

0 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Fast page mode 
identical 

Write (Early write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

Write (Delayed write) 

ESI 

ESI 

ESI 

I32SI 

ESSI 

E33 

BMW 

IQ3 

EH 

Read-modify-write 

EH 


ESI 

ESI 

EE13 

E33 

EOSi 

BBW 

YES 

RAS- only refresh 

ESI 




033 

1323 

1323 

K332i 

ESS 


Hidden refresh 

ACT 

ACT 

DNC 

ACT 

APD 

DNC 

OPN 

VLD 

YES 


CAS before RAS refresh (Extended *) 

ESI 

ESI 

Eoa 




1323 

E132I 

EH 


Self Refresh * 




EESi 


1323 

1323 

EI32I 

EiH 


Stand-by 

lESI 


lilifJI 

1323 


1323 

■BJM 

I3il2l 

■8hM 



Note. ACT : active, NAC : nonactive, DNC : don’t care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 


BLOCK DIAGRAM 


WRITE CONTROL _ 

INPUT CAS 
ROW ADDRESS 
STROBE INPUT 


RAS 


COLUMN ADDRESS w 
STROBE INPUT 


Al 

A2 


ADDRESS 

INPUTS 


A3 

A4 

As 

As 

A7 


As 


A9 
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MITSUBISHI LSIs 


M5M44400BJ,TP-6,-7,-68,-7S 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

- 1~7 

V 

Vi 

Input voltage 

- 1~7 

V 

Vo 

Output voltage 

- 1~7 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta = 25‘C 

1000 

mW 

Topr 

Operating temperature 


0~70 

V 

Tstg 

Storage temperature 


-65-150 

°C 


RECOMMENDED OPERATING CONDITIONS (Ta = O'^TOX), unless otherwise noted) (Note 1) 


Symbol 

1 

Parameter 

Limits 

Unit 

Min 

Nom 

Max 

Vcc 

Supply voltage 


5 

5.5 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

ViH 

High-level input voltage, all inputs 

2.4 


6.5 

V 

ViL 

Low-level input voltage 

DQi~DQ4 

- 1.0 


0.8 

V 

Others 

-2.0 


0.8 


Note 1. All voltage values are with respect to Vss. 


ELECTRICAL CHARACTERISTICS (Ta = 0~70‘C, Vcc = 5V ± 10%, Vss = OV, unless otherwise noted)(Note 2) 


Symbol 

Parameter 

Test conditions 

1 Limits 

Unit 

1 Min 

Typ 

Max 

VOH 

High-level output voltage 

loH = - 5mA 



Vcc 

V 

VoL 

Low-level output voltage 

loL = 4.2mA 

0 


0.4 

V 

loz 

Off-state output current 

0 floating, OV ^ VouT ^ 5.5V 

- 10 


10 

pA 

h 

Input current 

OV^ViN^S. 5V, Other inputs pins=0V 

- 10 


10 

p A 

Icci (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M44400B-6. -6S 

RAS, CAS cycling 
tRC = twc = min. 
output open 



100 

mA 

M5M44400B-7,-7S 



85 

ICC2(AV) 

Supply current from Vcc. 
stand-by (Note 6) 


RAS = CAS = ViH, output open 



2 

mA 

M5M44400B 

= CAS ^ Vcc - 0.5 
output open 


1 

1 

M5M44400B(S) 



0.1 

ICC3(AV) 

Average supply current 
from Vcc, refreshing 

(Note 3,5) 

M5M44400B-6, -6S 

RAS cycling 

CAS = ViH, tRC = min. 
output open 



100 

mA 

M5M44400B-7, -7S 



85 

ICC4(AV) 

Average supply current 
from Vcc, Fast-Page-Mode 
(Note 3,4,5) 

M5M44400B-6, -6S 

RAS = ViL 

CAS cycling 

tRC = min, output open 



100 

mA 

M5M44400B-7. -7S 



85 

ICC6(AV) 

Average supply current 
from Vcc, CAS before 

RAS refresh mode 

(Note 3) 

M5M44400B-6, -6S 

CAS before RAS refresh 
cycling, tpc = min. 
output open 



85 

mA 

M5M44400B-7, -7S 



75 

ICC8(AV) 

Ayerage supply current from Vcc 
Extended-Refresh cycle 

(Note 6) 

Stand-by : 

^ g Vcc - 0.2V 

CaS g Vcc - 0.2V or CaS S 0.2V 
CAS before RAS refresh : 

RAS cycling CAS S 0.2V or 

CAS before RAS refresh cycling 
W S 0.2V or g VCC - 0.2V 

OE S 0.2V or g Vcc - 0.2V 
A0~A9 S 0.2V or g VCC - 0.2V 
DQ = open, tRC = 125 ps 
tRAS = tRAS min~1 liS 

1 

1 

150 

pA 

ICC9(AV) 

Average supply current from 
Vcc Self-Refresh cycle (Note 6) 

M5M44400B(S) 

R^ = CAS S 0.2V 



150 

p A 


Note 2. Current flowing into an 1C is positive, out is negative. 

3. Icci (AV), ICC3(AV) and IcC4<av) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

4. ICCi (AV) and ICC4(AV) are depjendent on output load ing. S pecified v alues are obtained with the output open. 

5. Column Address can be changed once or less while RAS = ViL and CAS = ViH. 
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MITSUBISHI LSIs 


M5M44400BJ,TP-6r7,-6Sr7S 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


CAPACITANCE (Ta = 0~70°C, Vcc = 5V ± 10%, Vss = OV, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, 
address inputs 

M5M44400BJ,TP 

Vi = Vss 

f = 1 MHz 

Vi = 25mVrms 



5 

pF 

Cl(CLK) 

Input capacitance, clock 
inputs 

M5M44400BJ,TP 

n 


B 

pF 

Ci/o 

Input/Output capacitance, 
data ports 

M5M44400BJ,TP 

■ 


B 

pF 


SWITCHING CHARACTERISTICSCTa = 0~70°C,Vcc = 5V ± 10%, Vss = OV, unless otherwise noted)(Notes 6,13,14) 





Limits 


Symbol 

Parameter 


M5l(l44400B-6, -6S 

145111444006-7, -7S 

Unit 




Min 

Max 

Min 

Max 


tCAC 

Access time from CAS 

(Note 7,8) 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note 7,9) 


60 


70 

ns 

tAA 

Column Address access time 

.(Note 7,10) 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 7) 


15 


20 

ns 

tCLZ 

Output low impedance from CAS low 

(Note 7) 

5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 12) 

0 

15 

0 

20 

ns 

tOEZ 

Output disable time after DE high 

(Note 12) 

0 

15 

0 

20 

ns 


Note 6. An initial pau se o f 500 us is req uired after power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containin g a R AS clock such as RAS-only refresh). _ 

Note the RAS may be c ycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater 
than 16.4 ms) of RAS inactivity before proper device operation is achieved. 

7. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

8. Assumes that tRCD fe tRCD (max) and tASC £ tASC (max). 

9. Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended value shown 
in this table, tRAC will increase by amount that tRCD or tRAD exceeds the value shown. 

10. Assumes that tRAD S tRAD (max) and tASC S tASC(max). 

11. Assumes that tCP Step (max) and tASC S tASC (max). 

12. tOFF(max)and tOEZ(max) defines the time at which the output achieves the high impedance state (lOUT S | ±10uA|) and is not 
reference to VOH(min) or VOL(max). 
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MITSUBISHI LSIs 


M5M44400BJ,TP-6,-7,-6S,-7S 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast Page Cycles) 

(Ta = 0~70X, Vcc = 5V ± 1 0 %, Vss = OV, unless otherwise noted) (Notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M44400B-6, -6S 

M5M44400B-7, -7S 

Min 

Max 

Min 

Max 

tREF 

Refresh cycle time 

M5M44400B 


16.4 


16.4 

ms 

M5M44400B(S) 


128 


128 

tRP 

RAS high pulse width 

40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 15) 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 16) 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 


0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


ns 

tCAH 

Column address hold time after CAS low 

15 


15 


ns 

tDZC 

Delay time, data to CAS low 

(Note 18) 

0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 18) 

0 


0 


ns 

tCDD 

Delay time, CAS high to data 

(Note 19) 

15 


20 


ns 

tODD 

Delay time, UE high to data 

(Note 19) 

15 


20 


ns 

tT 

Transition time 

(Note 20) 

1 

50 

1 

50 

ns 


Note 13. The timing requirements are assumed tT = 5ns. 

14. ViH(min) and ViL(max) are reterence levels tor measuring timing of input signals. 

15. tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max),access time is tRAC. 

If tRCD is greater than tRCD (max), access time is controlled exclusively by tCAC or tAA. 
tRCD(min)is specified as tRCD(min) = tRAH(min) + 2tT + tASC(min). 

16. tRAD(max) is specified as a reference point only. If tRAD S tRAD (max) and tASC S tASC (max), access time is controlled exclusively 
by tAA. 

17. tASC(max) is specified as a reference point only. If tRCD 6 tRCD (max) and tASC fe tASC (max), access time is controlled exclusively 
by tCAC. 

18. Either tDZC or tDZO must be satisfied. 

19. Either tCDD or tODD must be satisfied. 

20. tT is measured between ViH(min) and ViL(max). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

III5M44400B-6. -6S 

M5M44400B-7-7S 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

110 


130 


ns 

tRAS 

RAS low pulse width 

60 


70 

ir«RT(g>i 

ns 

tCAS 

CAS low pulse width 

15 


20 


ns 

tCSH 

CAS hold time after RAS low 

60 


70 


ns 

tRSH 

RAS hold time after CAS low 

15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tRCH 

Read hold time after CAS high (Note 21) 

0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 21) 

10 


10 


ns 

tRAL 

Column address to RAS hold time 

30 


35 


ns 

tOCH 

CAS hold time after CE low 

15 


20 


ns 

tORH 

RAS hold time after OE low 

15 


20 


ns 


Note 21. Either tRCH or tRRH must be satisfied for a read cycle. 
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MITSUBISHI LSIs 


M5M44400BJ,TP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write Cycles) 


Symbol 

Parameter 

I Limits 

Unit 

I M5M44400B-6,-6S 

1 M5M44400B-7-7S 

Min 

Max 

Min 

Max 

two 

Write cycle time 

110 


130 


ns 

tRAS 

RAS low pulse width 

60 

iIgtWtl 

70 


ns 

tCAS 

CAS low pulse width 

15 

lEB 

20 


ns 

tCSH 

CaS hold time after RAS low 

60 


70 


ns 

tRSH 

RA$ hold time after CAS low ■ • 

15 


20 


ns 

twcs 

Write setup time before CAS low (Note 23) 

0 


0 


ns 

tWCH 

Write hold time after CAS low 

10 


15 


ns 

tCWL 

CAS hold time after W low 

15 


20 


ns 

tRWL 

RAS hold time after W low 

15 


20 


ns 

tWP 

Write pulse width 

10 


15 


ns 

tDS 

Data setup time before CaS low or W low 

0 


0 


ns 

tDH 

Data hold time after CAS low or W low 

10 


15 


ns 

tOEH 

DE hold time after W low 

15 


20 


ns 


Read-Write and Read-Modify-Write Cycles 





1 Limits 


Symbol 

Parameter 


M5M44400B-6,-6S 

1 M5M44400B-7,-7S | 

Unit 




Min 

Max 

Min 

Max 


tRWC 

Read Write/read modify write cycle time 

(Note 22) 

150 


175 


ns 

tRAS 

RAS low pulse width 

95 

m 

115 

IMM 

ns 

tCAS 

CaS low pulse width 

50 

lEB 

65 

imi 

ns 

tCSH 

CAS hold time after RAS low 

95 


115 


ns 

tRSH 

RAS hold time after CAS low 

50 


65 


ns 

tRCS 

Read setup time before CaS low 

0 


0 


ns 

tCWD 

Delay time, CaS low to W low 

(Note 23) 

35 


40 


ns 

tRWD 

Delay time, RAS low to W low 

(Note 23) 

80 


90 


ns 

tAWD 

Delay time, address to W low 

(Note 23) 

50- 


55 


ns 

tCWL 

CaS hold time after W low 

15 


20 


ns 

tRWL 

RAS hold time after W loyv 

15 


20 


ns 

tWP 

Write pulse width 

10 


15 


ns 

tDS 

Data setup time before W low 

0 


0 


ns 

tDH 

Data hold time after W low 

10 


15 


ns 

tOEH 

OE hold time after W low 

15 


15 


ns 


Note 22. tRWC is specified as tRWC(min) = tRAC(max) + tODD(min) +tRWL(rr)in) + tRP(min) + 4tT. 

23. twcs, tCWD, tRWD and tAWD and tCPWD are specified as reference points only. If twcs S tWCS(min) the cycle is an early write cycle 
and the tX) pins will remain high impedance throughout the entire cycle. If tcWD StCWD (min), tRWDfe tRWD (min), tAWD S tAWD (min), 
and tCPWD£tCPWD(min) (for fast page mode cycle only), the cycle is a read-modify-write cycle and the JX) will cont ain the data 
read from the selected address. If neither of the above condition (delayed-write) of the DQ(at access time and until CA$ or OE goes 
back to Vih) is indeterminate. 


Fast-Page Mode Cycle (Read, Write, Read-Write, and Read-Modify-Write Cycles)(Note 24) 






Limits 


Symbol 

Parameter 



1 III5M44400B-6,-6S 

1 M5M44400B-7,-7S j 

Unit 





Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 

40 


45 


ns 

tPRWC 


75 




ns 

tRAS 

RAS low pulse width for read write cycle 

(Note 

25) 

lUsIsI 


115 


ns 

tCP 

CAS high pulse width 

(Note 26)1 

10 

15 

10 

15 

ns 

tCPRH 

RAS hold time after CAS precharge 

35 


40 


ns 

tCPWD 

Delay time, CAS precharge to W low 

(Note 

23) 

35 


40 


ns 


Note 24. All previously specified timing requiremen ts an d switching characteristics are applicable to their respective fast page mode cycle. 

25. tRAS(min) is specified as two cycles of CaS input are performed. 

26. tcp(max) is specified as a reference point only. 
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MITSUBISHI LSIs 


M5M44400BJ,TP-6r7,-6Sr7S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


CAS before RAS Refresh, Extended Refresh* Cycle (Note 27) 


Symbol 

Parameter 

Limits 

Unit 

M5M44400B-6, -6S 

M5M44400B-7, -7S 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

5 


5 


ns 

tCHR 

CAS hold time after RAS low 

10 


15 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


ns 

tRHR 

Read hold time after RAS low 

10 


15 


ns 

tCAS 

CaS low pulse width 

25 


30 


ns 


Note 27. Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 


Self Refresh Cycle* 


Symbol 

Parameter 

Limits 

Unit 

M5M44400B-6S 

M5M44400B-7S 

Min 

Max 

Min 

Max 

tRASS 

CBR self refresh RAS low pulse width 

100 


100 


us 

tRPS 

CBR self refresh RAS high precharge time 

110 


130 


ns 

tCHS 

CBR self refresh CAS hold time 

-50 


-50 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


ns 

tRHR 

Read hold time after RAS low 

10 


15 


ns 


Test Mode Specification (Note 28) 

ELECTRICAL CHARACTERISTICS (Ta = 0~70‘C, Vcc = 5V ± 10%, Vss = OV, unless otherwise noted) (Note 2) 


— 

Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

ICCKAV) 

Average supply current 
from Vcc operating 

(Note 3,4,5) 

M5M44400B-6, -6S 

RAS, CAS cycling 
tRC = twc = min. 
output open 



115 

mA 

M5M44400B-7, -7S 



100 

ICC3(AV) 

Average supply current 
from Vcc refreshing 

(Note 3,5) 

M5M44400B-6, -6S 

RAS cycling 

CAS = ViH, tRC = min. 
output open 



115 

mA 

M5M44400B-7, -7S 



100 

ICC4(AV) 

Average supply current 
from Vcc Fast-Page- 
Mode (Note 3,4,5) 

M5M44400B-6, -6S 

RAS = ViL 

CAS cycling 

tpc = min., output open 



115 

mA 

M5M44400B-7, -7S 



100 

ICC6(AV) 

Average supply current 
from Vcc CAS before 
RAS refresh mode 

(Note 3) 

M5M44400B-6, -6S 

CAS before RAS refresh 
cycling, tRC = min. 
output open 

IB 


100 

mA 

M5M44400B-7, -7S 



85 


Note 28. All previously specified electrical characteristics, switching characteristics and timing requirements are applicable to that of test mode. 
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MITSUBISHI LSIs 

M5M44400BJ,TP-6,-7,-68,-78 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


SWITCHING CHARACTERISTICS (Ta = 0~70‘C, Vcc = 5V ± 10%, Vss = OV, unless otherwise noted) (Notes 6,13,14) 


Symbol 

1 

Parameter 

1 Limits 

Unit 

1 M5M44400B-6,-6S 

1 M5M44400B-7,-7S 

Min 

Max 

Min 

Max 

tCAC 

Access time from CAS 

(Note 7,8) 


20 


25 

ns 

tRAC 

Access time from RAS 

(Note 7,9) 


65 


75 

ns 

tAA 

Column Address access time 

(Note 7,10) 


35 

-j 

40 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


40 


45 

ns 

tOEA 

Access time from Dl 

(Note 7) 


20 


25 

ns 


TIMING REQUIREMENTS (Ta = 0~70''C, Vcc = 5V ± 10%, Vss = OV, unless otherwise noted)(Notes 13,14) 

Read and Refresh Cycles 


Symbol 

Parameter 

1 Limits 

Unit 

1 M5M44400B-6,-6S 

1 M5M44400B-7,-7S 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

115 


135 


ns 

tRAS 

RAS low pulse width 

65 

II»W>!»1 

75 

lEB 

ns 

tCAS 

CaS low pulse width 

20 

ir»!»!>!»l 

25 


ns 

tCSH 

CAS hold time after RA$ low 

65 


75 


ns 

tRSH 

RAS hold time after CAS low 

20 


25 


ns 

tRAL 

Column address to RAS hold time 

35 


40 


ns 

tOCH 

CAS hold time after CE low 

20 


25 


ns 

tORH 

RAS hold time after OE low 

20 


25 


ns 


Read-Write and Read - Modify-Write Cycies 


Symbol 

Parameter 

1 Limits 

Unit 

1 MSM44400B-6,-6S 

1 M5M44400B-7,-7S 

Min 

Max 

Min 

Max 

tRWC 

Read Write/read modify write cycle time 

(Note 22) 

155 


180 


ns 

tRAS 

RAS low pulse width 

100 


120 


ns 

tCAS 

CAS low pulse width 

55 


70 


ns 

tCSH 

CaS hold time after RAS low 

100 


120 


ns 

tRSH 

RAS hold time CAS low 

55 


70 


ns 

tCWD 

Delay time, CAS low to W low 

(Note 23) 

40 


45 


ns 

tRWD 

Delay time, RAS low to W low 

(Note 23) 

85 


95 


ns 

tAWD 

Delay time, address to W low 

(Note 23) 

55 


60 


ns 


Fast-Page Mode Cycle (Read, Write, Read-Write, and Read-Modify-Write Cycles) (Note 24) 


Symbol 

■ 

Parameter 

1 Limits 

Unit 

1 M5M44400B-6,-6S 

M5M44400B-7,-7S 

Min 

Max 

Min 

Max 

tPC 

Fast page mode read/write cycle time 

45 


50 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

80 


100 


ns 

tRAS 

RAS low pulse width for read write cycle 

110 


125 


ns 

tCPRH 

RAS hold time after CAS precharge 

40 


45 


ns 

tCPWD 

Delay time, CAS precharge to W low (Note 23) 

40 


45 


ns 


Test Mode Set Cycle 


Symbol 

Parameter 

Limits 

Unit 

M5M44400B-6, -6S 

M5M44400B-7, -7S 

Min 

Max 

Min 

Max 

tWSR 

Write setup time before. RAS low 

10 


10 


ns 

tWHR 

Write hold time after RAS low 

10 


mm 


ns 


2 - 56 
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MITSUBISHI LSIs 

M5M44400BJ,TP-6,-7,-6Sr7S 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

Note 29. Self refresh sequence 

Two refreshing ways shoud be used properly depending on 
the low pulse width (tRASs) of RAS signal during self refresh 
period. 

1. In case of tRAss < 300ms 

1.1 Distriduted refresh during Read/Write operation 
(A) Timing Diagrams 



Table 2 


Read/Write Cyple 

Read/Write->• 
Self Refresh 

Self Refresh^ 
Read/Write 

CBR distributed 
refresh 

tNSD + tSND ^ 16.4ms 

RAS only 
distributed refresh 

tNSD ^ 1 6 |i s 

tSND ^ 16 u s 


(B) Definition of refresh 
Definition of CBR distributed refresh 

The CBR distributed refresh performs more then 
1024 discrete CBR cycles within 16.4 ms. 



All combination of nine row address signals (Ao~A9) 
are selected during 1024 discrete RAS only refresh 
cycles within 16.4 ms. 


1.1.1 CBR distributed Refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal 
in the last CBR refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within tNSoC shown 
in table 2). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the first CBR refresh cycle during read/ 
write operation period should be set within tsNO(shown 
in table 2). 

1.1.2 RAS only distributed refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNSO from the falling edge of RAS signal 
in the last RAS only refresh cycle during read/write 
operation period to the falling edge of RAS signal at the 
start of self refresh operation should be set within 16us. 

• Switching from self refresh operation to read/write operation. 
The time interval tSNO from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the first CBR refresh cycle during read/ 
write operation period should be set within 16 ps. 
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FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


1.2 Burst refresh during Read/Write operation 
(A) Timing diagram 

_Read/Write_^_Self Refresh_ _^ad/ Write 





1 

■ 

tRASs < 300ms 

B 

■ 

B 

first 

r-h 

refresh cycles 






refresh cycles 1023 cycles 1023 cycles refresh cycles 


Table 3 


Read/Write Cycle 

Read/Write 

Self Refresh 

Self Refresh-^ 
Read/Write 

CBR burst 
refresh 

tNSB ^ 16.4ms 

tsNB ^ 16.4ms 

RAS only burst 
refresh 

tNSB + tSNB ^ 16.4ms 


(B) Definition of burst refresh 
Definition of CBR burst refresh 

The CBR burst refresh performs more then 1024 
continuous CBR cycles within 16.4ms. 

Definition of RAS only burst refresh 

All combination of ten row address signals (Ao~As) 
are selected during 1024 continuous RAS only 
refresh cycles within 16.4 ms. 


1.2.1 CBR distributed Refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNSB from the falling edge of RAS signal 
in the first CBR refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within 16.4 ms. 

• Switching from self refresh operation to read/write operation. 
The time interval tsNS from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the last CBR refresh cycle during read 
/write operation period should be set within 16.4 ms. 

1.2.2 RAS only distributed refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal 
in the first RAS only refresh cycle during read/write 
operation period to the falling edge of RAS signal at the 
start of self refresh operation should be set within tNse 
(shown in table 3). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the last RAS only refresh cycle during read/ 
write operation period should be set within tsNS (shown 
in table 3). 
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2. In case of tRASs ^ 300ms 
(A) Timing diagram 



Self Refresh 

, Read/Write 


. tRASSS 300ms 1 

u _ mi _ ^ 

RAS 

^lllllllllllllll 

■IBB 

1 




refresh cycle 


1024 cycle 


Table 4 


Read/Write 

Self Refresh->Read/Wirte 

CBR distributed refresh 

RAS only distributed refresh 
CBR burst refresh 

RAS only burst refresh 

tREF ^ 16.4ms 


(B) Definition of refresh 

The same as 1.1-(B) and 1.2-(B) 

2.1 

Regardless of the refresh (CBR distributed refresh, RAS only 
distributed refresh, CBR burst refresh, RAS only burst refresh) 
during Read/Write operation the minimum of 1024 cycles 
refresh should be preformed within 16.4 ms from the rising 
edge of RAS signal at the end of self refresh operation. 
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Timing Diagrams (Note 30) 
Read Cycle 



Note 30. 


Indicates the don’t care input. 

VlH(min)SVlNSVlH(max) or ViL (min) S ViN S ViL (max) 


Indicates the invalid output. 
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M5M44400BJ,TP-6,-7,-6S,-7S 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Write Cycle (Early write) 



DQi~DQ4Voh “_ Hi-Z 

(OUTPUTS) VoL - 


OE 
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Write Cycle (Delayed Write) 



2-62 


A MITSUBISHI 
ELECTRIC 



















MITSUBISHI LSIs 


M5M44400BJ,TP-6,-7,-6S,-7S 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Read-Write, Read-Modify-Write Cycie 
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RAS-only Refresh Cycle 


RAS 


CaS 


Ao~A9 




DQi~DQ 4^°^ ___ Hi-Z 

(OUTPUTS) VoL - 
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CAS before RAS Refresh Cycle, Extended Refresh Cycle * 
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Self Refresh Cycle* (Note 29) 
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Hidden Refresh Cycle (Read) (Note 31) 



Note 31. Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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M5M44400BJ,TP-6,-7r6Sr7S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Fast Page Mode Read Cycle 
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MITSUBISHI LSIs 


M5M44400BJ,TP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Fast Page Mode Write Cycle (Early Write) 



DQ 1 - 004 '^°^ _ Hi-Z 

(OUTPUTS) VoL- 


OE 
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M5M44400BJ,TP-6,-7r6S,-7S 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Fast Page Mode Write Cycle (Delayed Write) 
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M5M44400BJ,TP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Fast Page Mode Read-Write, Read-Modify-Write Cycle 
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MITSUBISHI LSIs 


M5M44400BJ,TP-6r7,-6S,-7S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Test Mode Set Cycle (Note 32 ) 



Note 32. The cycle is also available for the initialization cycle, but in this case device enters test mode. 

The test mode function is initiated with a W and CAS before RAS cycle (WCBR cycle) as specified above timing diagram. 
The test mode function is terminated by either a CaS before RAS (CBR) refresh or a RAS only refresh cycle. 

During the test mode, the device is internally organized as 4 bits wide (256 kilobytes deep) for each EX) (input/output) port. 
No addressing of AO,Al (column only) is required. 

During a write cycle, data on the each DQ (input) pin is written in parallel into all 4 bits for each DQ port and can be 
written independently for each CX) port. 

During a read cycie, the each EX) (output) pin indicates independently a HIGH state if ail 4 bits are equal, and a LOW 
state if any bits differ. 

During the test mode operation, a WCBR cycle is used to perform refresh. 
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MITSUBISHI LSIs 


M5M44400CJJP-5,-6,-7, 

-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 1048576-word by 4-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer metalization process technology and a 
single-transistor dynamic storage stacked capacitor cell provide 
high circuit density at reduced costs. Multiplexed address inputs 
permit both a reduction in pins and an increase in system 
densities. Self or extended refresh current is low enough for 
battery back-up application. 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(min.ns) 

H 

M5M44400CXX-5,-5S 

11^1 

mm 

HI 

mm 



M5M44400CXX-6,-6S 

TtfM 

mm 

Eil 

mm 



M5M44400CXX-7,-7S 

mm 

j^^m 

BcUi 

HI 




XX=J,TP 


•Standard 26pin SOJ, 26pin TSOP ( II) 

•Single 5V±10% supply 
•Low stand-by power dissipation 

CMOS Input level---5.5mW (Max) 

CMOS Input level------550 ix W (Max) * 

•Operating power dissipation 

M5M44400Cxx-5,-5S -687.5mW (Max) 

M5M44400Cxx-6,-6S --- - -.550.0mW (Max) 

M5M44400Cxx-7,-7S -467.5mW (Max) 

•Self refresh capability * 

Self refresh current.. 120 fx A(Max) 

•Extended refresh capability 

Extended refresh current---.120 fx A(Max) 

• Fast -page mode( 1 024- column rando m access),Read-modify-write, 
RAS-only refresh, CAS before RAS refresh, Hidden refresh 
capabiiities. _ _ 

•Early-write mode, CAS and OE to control output buffer impedance 
• 1024 refresh cycies every 16.4ms (Ao ~A9) 

•1024 refresh cycies every 128ms (Ao —As) * 

•4-bit paraliel test mode capability 
♦ :Applicable to self refresh version (M5M44400CJ,TP-5S,-6S,-7S 
toption) only 


PIN CONFIGURATION (TOP VIEW) 


DQl E 


^ vss 

dq2 U 


m DQ4 

W [3 


g] DQ3 

^ [T 


H Ms 

A9 [5 

s 

3 

o 

o 

m ^ 

Ao E 

O 

iU a8 

At |io 


3 A7 

A 2 in 


H A6 

A3 El 


iH AS 

VCC 03 


HI A4 

Outline 26P0J(300mil SOJ) 

DQl E 


^ vss 

DQ2 [|] 


H dq4 

w [i 


H dq3 

Ms E 


H Ms 

A9 E 

ai 

22] OE 


S 

o 

o 


AO E 

o 

H 

iH A8 

At 00 

"V 

17] A7 

A2 E 


il A6 

A3 E 


iU AS 

VCC El 


HI A4 

Outline 26P3Z-E(300mil TSOP) 


APPLICATION 

Main memory unit for computers. Microcomputer memory, Refresh 
memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

A0~A9 

Address inputs 

DQi~DQ4 

Data inputs/outputs 


Row address strobe input 

CAS 

Column address strobe input 

W 

Write control input 


Output enable input 

Vcc 

Power supply (+5V) 

Vss 

Ground (OV) 


M5M44400CJ,TP-5,-5S:Under development 
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MITSUBISHI LSIS 

M5M44400CJ,TP-5,-6r7,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 


FUNCTION 

In addition to normal read, write, and read-modify-write operations fast page mode, R^-only refresh, and delayed-write. The input 

the M5M44400CJ, TP provides a number of other functions, e.g., conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

Remark 

RAS 


W 

OE 



Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Fast page 

Write (Early write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

NAC 

APD 

APD 

VLD 

IVD 

YES 

identical 

Read-modify-write 

ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

RAS only refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

DNC 

ACT 

DNC 

DNC 

OPN 

VLD 

YES 


CAS before RAS (Extended*) refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Self refresh* 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note : ACT : active, NAC: nonactive, DNC: don't care, VLD : vaiid, iVD : invalid, APD : applied, OPN : open 


BLOCK DIAGRAM 
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MITSUBISHI LSIs 


M5M44400CJ,TP-5,-6,-7,-5Sr6S,-7S 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-1~7 

V 

Vi 

Input voltage 

-1~7 

V 

Vo 


-1 ~7 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25‘’c 

1000 

mW 

Topr 

Operating temperature 


0~70 

“C 

Tstg 

Storage temperature 


-65 ~ 150 

“C 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70‘’C, unless otherwise noted) (Note i) 


Symbol 

Parameter 

Limits 

Unit 

Min 


Max 

Vcc 

Supply voltage 


5.0 

5.5 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

VIH 

High-level input voltage, all inputs 

2.4 



V 

ViL 

Low-level input voltage 

DQi~DQ4 

-1.0 


0.8 

V 

Others 

-2.0 


0.8 


Note 1 : All voltage values are with respect to Vss. 


ELECTRICAL CHARACTERISTICS (Ta=0~70‘’C, Vcc=5V±10%, Vss=0V. unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

Min 

Typ 

Max 

VOH 

High-level output voltage 

IOH=-5mA 

2.4 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=4.2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating, OV ^Vout ^ 5.5V 

-10 


10 


11 

Input current 

0V^Vin^+ 6.5V, Other inputs pins=0V 

-10 


10 

aa 

Icci (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M44400C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



125 

mA 

M5M44400C-6,-6S 



100 

M5M44400C-7,-7S 



85 

|CC2(AV) 

Supply current from V cc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

RAS=^^Vcc-0.5V 
output open 



1.0 



0.1* 

ICC3(AV) 

Average supply current 
from Vcc, RAS only 
refresh mode (Note 3,5) 

M5M44400C-5,-5S 

RAS cycling, CAS= Vih 

tRC=min. 

output open 



125 

mA 

M5M44400C-6,-6S 



100 

M5M44400C-7,-7S 



85 

ICC4(AV) 

Average supply current 
from Vcc, Fast Page 

Mode (Note 3,4,5) 

M5M44400C-5,-5S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



■0S9I 

mA 

M5M44400C-6,-6S 



85 

M5M44400C-7,-7S 



75 

ICC6(AV) 

Average supply current 
from Vcc, CAS before RAS 
refresh mode (Note 3,5) 

M5M44400C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



105 

mA 

M5M44400C-6,-6S 



85 

M5M44400C-7,-7S 



75 

|CC8(AV)* 

Average supply current from V cc, 
Extended-Refresh mode (Note 6) 

RA5 cycling CAS ^0.2V or CA5 
before RAS refresh cycling 

RaS^ 0.2V or ^Vcc-0.2V 

CAS^0.2V or ^Vcc-0.2V 
W^0.2V(Except for RAS falling edge) 
or ^Vcc-0.2V 

OE^0.2V or ^Vcc-0.2V 

Ao~A 9^0.2V or ^Vcc-0.2V, DQ=open 
tRC=125 fjL S, tRAS=tF^ASmin--1 /x S 

1 

1 

120 

aa 

ICC9(AV)* 

Average supply current from V cc, 

Self-Refresh mode (Note 6) 

^=CAS^0.2V 
output open 

■ 


120 

aa 


Note 2: Current flowing into an IC is positive, out is negative. 

3: ICC1 (AV), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICC1 (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

5: Column Address can be changed once or less while RAS=VIL and CAS=VIH 
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MITSUBISHI LSIS 


M5M44400C J,TP-5,-6,-7,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~70‘’C, Vcc=5V±10%, Vss=0\/, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 


Max 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 



5 

PF 

Cl (CLK) 

Input capacitance, clock inputs 

f=1MHz 



7 

PF 

Cl/0 

input/Output capacitance, data ports 

Vi=25mVrms 



7 

pF 


SWITCHING CHARACTERISTICS (Ta=0~70'C, Vcc = 5V±10%, Vss=0V, unless othenvise noted, see notes 6,13,14) 


Symboi 

Parameter 

Limits 

Unit 

M5M44400C-5,-5S 

M5M44400C-6,-6S 

M5M44400C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCAC 


(Note 7,8) 


13 


15 


20 

ns 

tRAC 


(Note 7,9) 


50 


60 


70 

ns 

tAA 

Coiumn address access time 

(Note 7,10) 


25 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


30 


35 


40 

ns 

tOEA 


(Note 7) 


13 


15 


20 

ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 



13 


15 


20 

ns 

tOEZ 

Output disable time after OE high 



13 


15 



ns 


Note 6:An initial pause of 200 // s is required after power-up followed by a minimum of eight initialization cycles (RAS- only refresh or CAS before RAS refresh 
cycles). 

Note the RAS may be cycled during the initial pause. And 8 initialization cycles are required after prolonged periods (greater than tREF(max)) of RAS 
inactivity before proper device operation is achieved. 

7:Measured with a load circuit equivalent to 2TTL loads and tOOpF. 

8:Assunies that tRCD^tRCD(max) and tASCStASC(max). 

9:Assumes that tRCD^tRCD(max) and tRAD^tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC will 
increase by amount that tRCD or tRCD exceeds the value shown. 

10:Assumes that tRADfe tRAD(max) and tASC^tASC(max). 

11 :Assumes that tCP^tCP(max) and tASCStASC(max). 

12;tOFF(max), tOEZfmax) defines the time at which the output achieves the high impedance state (I OUT^ | ±10//A]) and is not reference to VOH(min) or 
VOL(max). 
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MITSUBISHI LSIs 

M5M44400CJ,TP-5,-6,-7,-58,-68,-78 


FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta=0 ~70°C , Vcc = 5V±10%, Vss=0V, unless otherwise noted, see notes 6,13,14) 





Limits 


Symbol 

Parameter 


M5M44400C-5,-5S 

M5M44400C-6,-6S 

M5M44400C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


16.4 


16.4 


16.4 

ms 

tREF 

Refresh cycle time* 


128 


128 


128 

ms 

tRP 


30 


40 


50 


ns 

tRCD 


(Note 15) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

. 0 


0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 16) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 17) 

0 

7 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

13 


15 


15 


ns 

tDZC 

Delay time, data to CAS low 

(Note 18) 

0 


0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 18) 

0 


0 


0 


ns 

tCDD 

Delay time, CAS high to data 

(Note 19) 

13 


15 


20 


ns 

tODD 


(Note 19) 

13 


15 


20 


ns 

tT 

Transition time 

(Note 20) 

1 

50 

1 

50 

1 

'WEB 

ns 


Note 13: The timing requirements are assumed tT=5ns. 

14: VlH(min) and VIL(max) are reference ieveis for measuring timing of input signals. 

15: tRCD(max) is specified as a reference point only. If tRCD Is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tAA. 

16: tRAD(max) is specified as a reference point only. If tRAD^tRAD(max) and tASCStASC(max), access time is controlled exclusively by tAA. 

17: tASC(max) is specified as a reference point only. It tRCDStRCD(max) and tASCStASC(max), access time is controlled exclusively by tCAC. 

18: Either tDZC or tDZO must be satisfied. 

19: Either tCDD or tODD must be satisfied. 

20: fr is measured between VlH(min) and VlL(max). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M44400C-5,-5S 

M5M44400C-6,-6S 

M5M44400C-7,^7S 

Min 

Max 

Min 


Min 


tRC 

Read cycle time 

90 






ns 

tRAS 


50 


60 

■nmtuM 

70 


ns 

tCAS 

CAS low Dulse width 

13 

gr»!i'!i!il 

15 

BBSBIil 

20 


ns 

tCSH 

CAS hold time after RAS low 



60 


70 


ns 

tRSH 

RAS hold time after CAS low 

HEfl 


15 


20 


ns 

tRCS 

Read Setup time before CAS low 

0 


0 


0 


ns 

tRCH 

Read hold time after CAS high (Note 21) 

0 


0 


0 


ns 

tRRH 

1 1 R 1 11 11 11 s 

0 


0 


0 


ns 

tRAL 

Column address to RAS hold time 

25 


30 


35 


ns 

tOCH 


13 


15 


20 


ns 

tORH 


mam 




■EH 


ns 


Note 21: Either tRCH or tRRH must be satisfied for a read cycle. 
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MITSUBISHI LSIs 

M5M44400CJ,TP-5,-6,-7,-53,-68,-78 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M44400C-5,-5S 

M5M44400C-6,-6S 

M5M44400C-7,-7S 







two 

Write cycle time 

90 

L_ 

110 


130 

_ 

ns 

tRAS 

RAS low pulse width 

50 


60 

■tmniii 

70 


ns 

tCAS 

CAS low pulse width 

13 


15 

1M»W»I 

20 


ns 

tCSH 


50 


60 


70 


ns 

tRSH 

RAS hoid time after CAS low 

13 


15 


20 


ns 

twcs 

Write setup time before CAS low (Note 23) 

0 


0 


0 


ns 

tWCH 

Write hold time after CAS low 

8 


10 


15 


ns 

tCWL 


13 


15 


20 


ns 

tRWL 


13 


15 


20 


ns 

tWP 

Write Dulse width 

8 


10 


15 


ns 

tos 

Data setup time before CAS low or W low 

0 


0 


0 


ns 

tOH 

if i! fi 1 11 11 T tv: 1 1 Cl 

8 


10 


15 


ns 

tOEH 


13 


15 


20 


ns 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M44400C-5,-5S 

M5M44400C-6,-6S 

M5M44400C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRWC 

Read write/read modify write cycle time (Note 22) 

126 


■^1 




ns 

tRAS 

RAS low pulse width 

86 


100 


120 

ni!>!W 

ns 

tCAS 

CAS low pulse width 

49 

IMtWtl 

55 


70 


ns 

tCSH 


86 


MW 


120 


ns 

tRSH 


49 




70 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 23) 

31 


35 


45 


ns 

tRWD 

Delay time, RAS low to W low (Note 23) 

68 


80 


95 


ns 

tAWD 

Delay time, address to W low (Note 23) 

43 


50 


60 


ns 

tCWL 


13 


15 


20 


ns 

tRWL 

RAS hold time after W low 

13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


15 


ns 

tDS 

Data setup time before CAS low or W low 

0 


0 


0 


ns 

tDH 

1 vR iT*i [• 1 111 litvsi 1 

8 


10 


15 


ns 

tOEH 


13 


15 


20 


ns 


Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(ntiin)+4tT. 

23: tWCS, tCWD, tRWD, tAWD and tCPWP are specified as reference points only. If tWCS&tWCS(min) the cycle is an early write cycle and the DQ pins 

will remain high impedance throughout the entire cycle. If tCWDStCWDfmin), tRWD^tRWD(min), tAWD^tAWD(min) and tCPWD^tCPWD(min) (for fast page 
mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the d ata re ad from the selected address. If neither of the above 
condition (delayed write) is satisfied, the condition of the DQ (at access time and until CAS or OE goes back to V IH) is indeterminate. 
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MITSUBISHI LSIs 


M5M44400CJ,TP-5,-6,-7,-58,-68,-78 


FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 


Fast Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 


Symbol 

Parameter 

Limits 

Unit 

M5M44400C-5,-5S 

M5M44400C-6,-6S 

M5M44400C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tPC 

Fast page mode read/write cycle time 

35 


40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

71 


80 


95 


ns 

tRAS 

RAS low pulse width for read or write cycle (Note 25) 

85 


100 


115 

il»!i!»W»l 

ns 

top 

CAS high pulse width (Note 26) 

8 

12 

10 

15 

10 

15 

ns 

tCPRH 

RAS hold time after CAS precharge 

30 




40 


ns 

tCPWD 

Delay time. CAS precharae to W low (Note 23) 

48 


55 


65 


ns 


Note 24: All previously specified timing require ments and switching characteristics are appiicable to their respective fast page mode cycle. 
25; tRAS(niin) is specified as two cycles of CAS input are performed. 

26: tCP(max) is specified as a reference point oniy. 


CAS before RAS Refresh Cycle, Extended Refresh Cycle * (Note 27) 


Symbol 

Parameter 

Limits 

Unit 

M5M44400C-5,-5S 

M5M44400C-6,-6S 

M5M44400C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

CAS setuD time before RAS low 

5 


5 


5 


ns 

tCHR 


10 


10 


15 


ns . 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 

Read hold time after RAS low 

10 


10 


15 


ns 

tCAS 

CAS low pulse width 

20 




25 


ns 


Note 27; Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 


Self Refresh Cycle* (Note 28 ) 


Symbol 

Parameter 

Limits 

Unit 

M5M44400C-5,-5S 

M5M44400C-6,-6S 

M5M44400C-7,-7S 


BAI-.VIM 

■PM 

mjxsm 

■AlliM 


tRASS 

CBR self refresh RAS low pulse width 

100 


100 


too 


AS 

tRPS 

CBR self refresh RA$ high precharge time 

90 


110 


130 


ns 

tCHS 

CBR self refresh CAS hold time 

-50 


-50 


-50 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRSR 


10 


10 


15 


ns 


Test Mode Specification (Note 29) 

ELECTRICAL CHARACTERISTICS (Ta=0~70*C, Vcc=5V±10%, Vss=0\/, unless othen/vise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 


Max 

|CC1 (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M44400C-5,-5S 

RAS. CAS cycling 
tRC=twc=min. 
output open 



145 

mA 

M5M44400C-6,-6S 



115 

M5M44400C-7,-7S 



100 

ICC3(AV) 

Average supply current 
from Vcc, RAS only 
refresh mode (Note 3,5) 

M5M44400C-5,-5S 

RAS cycling, CAS=V ih 

tRC=min. 

output open 



145 

mA 

M5M44400C-6,-6S 



115 

M5M44400C-7,-7S 



100 

ICC4 (AV) 

Average supply current 
from Vcc, Fast Page 

Mode (Note 3,4,5) 

M5M44400C-5,-5S 

RAS=Vil, CAS cycling 

tPC=min. 

output open 



120 

mA 

M5M44400C-6,-6S 



100 

M5M44400C-7,-7S 



85 

|CC6 (AV) 

Average supply current 
from VCC, CAS before RAS 
refresh mode (Note 3,5) 

M5M44400C-5,-5S 

CAS before RAS refresh cycling 

tRc=min. 

output open 



120 

mA 

M5M44400C-6,-6S 



■ESI 

M5M44400C-7,-7S 


_ 

m 


Note 29:AII previousiy specified electricai characteristics, switching characteristics, and timing requirements are applicabie to that of test mode. 
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MITSUBISHI LSIs 


M5M44400CJJP-5r6,-7r5Sr6S,-7S 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 


SWITCHING CHARATERISTICS (Ta=0~70"C, Vcc=5V±10%, Vss=0V, unless otherwise noted, see notes 6,13,14) 


Symbol 

Parameter 

Limits 1 

Unit 

M5M44400C-5,-5s| 

M5M44400C-6,-6S| 

l\/l5M44400C-7,-7S| 

Min 

Max 

Min 

Max 

Min 

Max 

tCAC 

Access time from CAS 

(Note 7, 8) 


18 


20 


25 

ns 

tRAC 

Access time from RAS 

(Note 7,9) 


55 


65 


75 

ns 

tAA 

Column address access time 

(Note 7,10) 


30 


35 


40 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


35 


40 


45 

ns 

tOEA 

Access time from OE 

(Note 7) 


18 


20 


25 

ns 


TIMING REQUIREMENTS (Ta=0~70°C, Vcc=5V±107o, Vss=0V, unless otherwise noted, see notes 13,14) 

Read and Refresh Cfycle 


Symbol 

Parameter 

Limits 1 

Unit 

M5M44400C-5,-5s| 

M5M44400C-6,-6S| 

s 

Ol 

O 

O 

o 

(/> 

Min 

Max 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

95 


115 


135 


ns 

tRAS 


55 


65 

1I»!»!»M 

75 


ns 

tCAS 

CAS low pulse width 

18 

ll»V»!il 

20 


25 


ns 

tCSH 

CAS hold time after RAS low 

55 


65 


75 


ns 

tRSH 

RAS hold time after CAS low 

18 


20 


25 


ns 

tRAL 

Column address to RAS hold time 

30 


35 


40 


ns 

tOCH 

CAS hold time after OE low 

18 


20 


25 


ns 

tORH 


18 


20 


25 


ns 


Read Write and Read-Modify-Write Cfycle 





Limits 1 


Symbol 

Parameter 


M5M44400C-5,-5S| 

M5M44400C-6,-6S| 

M5M44400C-7,-7S| 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tRWC 

Read write/read modify write cycle time 

(Note 22) 

131 


155 


185 


ns 

tRAS 

RAS low pulse width 

91 

BBI 

105 

IWCTil 

125 

■nmini 

ns 

tCAS 

CAS low pulse width 

54 

mu 

60 

IMiWil 

75 

IWiWil 

ns 

tCSH 

CAS hold time after RAS low 

91 


105 


125 


ns 

tRSH 

RAS hold time after CAS low 

54 


60 


75 


ns 

tCWD 

Delay time, CAS low W low 

(Note 23) 

36 


40 


50 


ns 

tRWD 

Delay time, RAS low W low 

(Note 23) 

73 


85 


100 


ns 

tAWD 

Delay time, address to W low 

(Note 23) 

48 


55 


65 


ns 


Fast page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 





1 Limits 


Symbol 

Parameter 


|M5M44400C-5,-5S| 

M5M44400C-6,-6S| 

M5M44400C-7,-7S 

Unit 



Min 

Max 

Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 

40 


45 


50 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

76 


85 


100 


ns 

tRAS 

1 RAS low pulse width for read or write cycle 

(Note 25) 

95 


110 

■iiimiMi 

125 


ns 

tCPRH 

1 RAS hold time after CAS precharge 

35 


40 


45 


ns 

tCPWD 

1 Delay time, CAS precharqe to W low 

(Note 23) 

53 


60 


70 


ns 


Test Mode Set Cycle 


Symbol 

Parameter 

Limits 

Unit 

M5M44400C-5,-5S 

1 M5M44400C-6,-6S 

M5M44400C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tWSR 

Write setup time before RAS low 

10 


10 


10 


ns 

tWHR 

Write hold time after RAS low 

10 


10 


15 


ns 
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M5M44400CJJP-5,-6r7r5Sr6S,-7S 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 


RAS-only Refresh Cycle 


RA5 


CAS 


Ao~A9 



DQi~DQ 4 Hi-Z 

(OUTPUTS) ^ 
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FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Notesi) 
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FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 


Self Refresh Cycle* (Note 28 ) 



DQi~DQ4 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 


OE 
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M5M44400CJ,TP-5,-6,-7,-58,-68,-78 


FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 


Test Mode Set Cycle (Note 32) 




CAS 





tRC 

tRAS 





VlH- 

VlL-. 




tRPC tCSR 

K-*l 


tCPN 


tCHR 


I 



Ao~A9 


W 


DQi~DQ4 

(INPUTS) 




tOFF 


DQi~DQ4 

(OUTPUTS) 


h—HtOEZ 


Hi-Z 



Note : 32 The cycle is also avaiilable for initialization cycle , but in this case device enters test mode. 

The test mode function is initiated with a W and CAS before RAS cycle(WCBR cycle) as s pecified above timing diagram. 

The test mode function is terminated by either a CAS before RAS(CBR) refresh or a RAS only refresh cycle. 

During the test mode, the device is internally organized as 4-bits wide (256k-bytes deep) for each DQ (input/output) port. 

No addressing of AO, At (column only) is required. 

During a write cycle, data on the each DQ (input) pin is written in parallel into all 4-bits for each DQ port and can be written independently for 
each DQ port. 

During a read cycle, the each DQ (output) pin indicates independently a HIGH state If all 4-bits are equal, and a LOW state if any bits differ. 
During the test mode operation, a WCBR cycle is used to perform refresh. 
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FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 


Note 28:Self refresh sequence 

Two refreshing methods should be used properly depending on the 
low pulse width(tRASS) of RAS signal during self refresh period. 

1. Distributed refresh during Read/Write operation 



refresh cycle refresh cycle 


Table 2 


Read/VVrite Cycle 

Read/Write-^ 

Self Refresh 

Self Refresh-*- 
Read/Write 

CBR distributed 
refresh 

tNSD^125//S 

tSND^125//S 

RAS only 
distributed refresh 

tNSD^16/.4S 

tSND^16/^S 


(B) Definition of distributed refresh 


RAS 


tREF 


tREF/1024 


refresh I read/write 

cycle cycles 


tREF/1024 


refresh 

cycle 





Definition of CBR distributed refresh 
(Including extended refresh) 

The CBR distributed refresh performs more than 1024 
constant period (125 ><s max.) CBR cycles within 128ms. 
Definition of RAS only distributed refresh 

All combinations of row address signals (Ao~A9) are 
selected during 1024 constant period (16 //s max.) RAS 
only refresh cycles within 16.4ms. 

Note: 

Hidden refresh may be used instead of CBR refresh. 

RAS/CAS refresh may be used instead of RAS only refresh. 

1.1 CBR distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interval from the falling edge of RAS signal in the last 
CBR refresh cycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within tNSO (shown in table 2). 


• Switching from self refresh operation to read/write operation. 

The time inten/al from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in the 
first CBR refresh cycle during read/write operation period should 
be set within tsNO (shown in table 2) 

1.2 RAS only distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interval tNSo from the falling edge of RAS signal in the 
last RAS only refresh cycle during read/write operation period to 
the falling edge of RAS signal at the start of self refresh 
operation shouid be set within ^6 fxs. 

• Switching from self refresh operation to read/write operation. 

The time interval tSNO from the rising edge of RAS signal at the 
end of self refresh operation to the falling edge of RAS signal in 
the first CBR refresh cycle during read/write operation period 
should be set within 16 s. 
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M5M44400CJ,TP-5,-6,-7,-5S,-6Sr7S 


FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 


2. Burst refresh during Read/Write operation 



refresh 1023 cycles 1023 cycles refresh 

cycles cycles 


Table 3 


Read/Write Cycle 

Read/Write-* 

Self Refresh 

Self Refresh-* 
Read/Write 

CBR burst 
refresh 

tNSB^ 16.4ms 

tSNB^ 16.4ms 

RAS only 
burst refresh 

tNSB+tSNB^ 16.4ms 


(B) Definition of burst refresh 


RAS 


16.4ms 


-^- 

- * 


yTXJ \J\r- 

refresh cycles 

read/write cycles 


1024 cycles 


Definition of GBR burst refresh 

The CBR burst refresh performs more than 1024 continuous 
CBR cycies within 16.4ms. 

Definition of RAS only burst refresh 

Ali combination of row address signals (Ao~A9) are 
selected during 1024 continuous RAS only refresh cycles 
within 16.4ms. 

2.1 CBR burst refresh 

• Switching from read/write operation to self refresh operation. 

The time interval tNse from the falling edge of RAS signal in the 
first CBR refresh cycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within 16.4ms. 

• Switching from self refresh operation to read/write operation. 

The time interval tSNB from the rising edge of RAS signal at the 
end of self refresh operation to the falling edge of RAS signal in 
the last CBR refresh cycle during read/write operation period 
should be set within 16.4ms. 


2.2 RAS only burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal in the first 
RAS only refresh cycle during read/write operation period to 
the falling edge of RAS signal at the start of self refresh 
operation should be set within tNSB (shown in table 3). 

• Switching from self refresh operation to read / write operation. 
The time interval from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in the 
last RAS only refresh cycle during read/write operation period 
should be set within tsNB (shown in table 3). 
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MITSUBISHI LSIs 

M5M44800CJJP-5,-6r7, 

-5S,-6S,-7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 524288-word by 8-bit dynamic RAMs, fabricated 
with the high performance CMOS process, and is ideal for large- 
capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer metalization process technology and a 
single-transistor dynamic storage stacked capacitor cell provide 
high circuit density at reduced costs. Multiplexed address inputs 
permit both a reduction in pins and an increase in system 
densities. Self or extended refresh current is low enough for 
battery back-up application. 


FEATURES 


Type name 

RAS 
access 
time 
(max. ns) 

CAS 
access 
time 
(max. ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(min.ns) 

H 

M5M44800CXX-5,-5S 


mm 


mm 



M5M4480OCXX-6,-6S 

MAM 

mm 


mm 



M5M4480OCXX-7,-7S 

wEm 

Kil 


H9 

Bt'M 



XX=J,TP 


•Standard 28pin SOJ, 28pin TSOP ( n) 

•Single 5V± 10% supply 
•Low stand-by power dissipation 

CMOS Input level ---.-..5.5mW (Max) 

CMOS Input level----.--550 // W (Max) * 

•Operating power dissipation 

M5M44800Cxx-5,-5S --495mW (Max) 

M5M44800Cxx-6,-6S .-.413mW (Max) 

M5M44800Cxx-7,-7S ..358mW (Max) 

•Self refresh capability * 

Self refresh current.--150 ;MA(Max) 

•Extended refresh capability 

Extended refresh current..150 //A(Max) 

• Fast page mode(1 024- column rando m access),Read-modify-write, 
RAS-only refresh, CAS before RAS refresh. Hidden refresh 
capabilities. __ _ 

•Early-write mode, CAS and OE to control output buffer impedance 
• 1024 refresh cycles every 16.4ms (Ao ~A9) 

•1024 refresh cycles every 128ms (Ao ~A9) * 

* ;Applicable to self refresh version (M5M44800CJ,TP-5S,-6S,-7S 
:option) only 

APPLICATION 

Microcomputer memory. Refresh memory for CRT 


PIN CONFIGURATION (TOP VIEW) 


(5V)VCC U 


^ VSS(OV) 

DQl [7 


27) DQa 

DQ2 [3 


m DQ7 

DOS \± 


^ DQ6 

DQ4 [5 
NC [F 

s 

H DQS 

W [7 


^ OE 

[8 

O 

O 

13 NC 

A9 [? 

O 

2^ A8 

Ao |To 


[g] A7 

At in 


ml A6 

A2 E 


iz] As 

A3 |T3 


iel A4 

(5V)VCC E 


iU VSS(OV) 

Outline 28P0K(400mil SOJ) 

(5V)VCC U 


H VSS(OV) 

DQ1 [7 


Izl DOS 

DQ2 [3 


26] DQ7 

DQ3 e 


H dq6 

DQ4 E 

s 

23 DOS 

NC E 

w 

S' 

H CAS 

W IT 


^ OE 

R^ |T 

o 

o 

13 NC 

A9 E 

o 

H 

13 As 

ISJ 

o 

< 

T) 

^ A7 

At m 


iH A6 

a 2 m 


iz] AS 

A3 |T3 


il a4 

(5V)VCC E 


il] VSS(OV) 

Outline 28P3Y-H(400mil TSOP Normal Bend) 



NC:NO CONNECTION 


PIN DESCRIPTION 


Pin name 

Function 

Ao~A9 

Address inputs 

DQi~DQ8 

Data inputs/outputs 


Row address strobe input 


Column address strobe input 

W 

Write control input 

OE 

Output enable input 

Vcc 

Power supply (+5V) 

Vss 

Ground (OV) 


M5M4480OCJ,TP-5,-5S:Under development 
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M5M44800CJ,TP-5,-6-7,-58,-68,-78 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


FUNCTION 

In addition to normal read, write, and read-modify-write operations fast page mode, RAS-oniy refresh, and delayed-write. The input 

the M5M44800CJ, TP provides a number of other functions, e.g., conditions for each are shown in Tabie 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

Remark 

RAS 


W 

OE 

■H 


Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Fast page 

mode 

identical 

Write (Early write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 

Read-modify-write 

ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

RAS only refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

DNC 

ACT 

DNC 

DNC 

OPN 

VLD 

YES 


CAS before RAS (Extended*) refresh 

ACT 

ACT 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Self refresh* 

ACT 

ACT 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note : ACT ': active, NAC : nonactive, DNC : don't care, VLD : valid, IVD ; invalid, APD : applied, OPN : open 


BLOCK DIAGRAM 



VCC (5V) 
VCC (5V) 
VSS (OV) 
VSS (OV) 


DQl ' 
DQ2 
DOS 
DQ4 I 
DQs 


DATA 

INPUTS/OUTPUTS 


DQ6 

DQ7 


DQs J 


OE OUTPUT ENABLE 
INPUT 
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MITSUBISHI LSIs 

M5M44800CJ,TP-5,-6r7,-5Sr6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BlT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


1 Symbol | 

Parameter 

Conditions 

Ratings 

Unit 


Supply voltage 

With respect to Vss 

-1 ~7 

V 

Vi 

Input voltage 

-1 ~7 

V 

Vo 


-1 ~7 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25'’c 

1000 

mW 

Topr 

Operating temperature 


0~70 

“C 

Tstg 

Storage temperature 


-65 ~ 150 

“C 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C, unless otherwise noted) (Note 1 ) 


Symbol 

Parameter 

Limits 

Unit 

— 



Vcc 

Supply voltage 


5.0 

5.5 

V 

Vss 


0 

IIIIQIII 


V 

VIH 

High-level input voltage, all inputs 

IBB 


6.0 

V 

VIL 

Low-level input voltage, all inputs 

-0.5** 


0.8 

V 


Note 1 : All voltage values are with respect to Vss. 

**; VlL(min) Is -2.0V when pulse width Is less than 25ns. (Pulse width is with respect to VSS.) 


ELECTRICAL CHARACTERISTICS (Ta=0~70“C, Vcc=5V±10%. Vss=0V, unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

Min 

BB 

Max 

VOH 

High-level output voltage 

IOH=-5mA 

2.4 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=4.2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating, OV^VouT^ 5.5V 

-10 


10 

AA 

11 

Input current 

OV^ Vin^-i- 6.0V, Other inputs pins=0V 

-10 


10 

AA 

Icci (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M44800C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



90 

mA 

M5M44800C-6,-6S 



75 

M5M44800C-7,-7S 



65 

|CC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

R^=C^^ Vcc-0.5V 
output open 



1.0 



0.1* 

|CC3(AV) 

Average supply current 
from Vcc, RAS only 
refresh mode (Note 3,5) 

M5M44800C-5,-5S 

RAS cycling, CAS= Vih 

tRC=min. 

output open 




mA 

M5M44800C-6,-6S 



75 

M5M44800C-7,-7S 



65 

|CC4(AV) 

Average supply current 
from Vcc, Fast Page 

Mode (Note 3,4,5) 

M5M44800C-5,-5S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



90 

mA 

M5M44800C-6,-6S 



75 

M5M44800C-7,-7S 



65 

|CC6(AV) 

Average supply current 
from vcc, CAS before RAS 
refresh mode (Note 3,5) 

M5M44800C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



80 

mA 

M5M44800C-6,-6S 



65 

M5M44800C-7,-7S 



55 

|CC8(AV)* 

Average supply current from Vcc, 
Extended-Refresh mode (Note 6) 

RAS cycling CAS^0.2V or CAS 
before RA§ refresh cycling 

R)^^0.2V or SVCC-0.2V 

CAS^0.2V or ^Vcc-0.2V 

W^0.2V or ^Vcc-0.2V 

UE^0.2V or ^Vcc-0.2V 

Ao~A 9^0.2V or ^Vcc-0.2V, DQ=open 
tRC=125 fi s, tRAS=tRAsmin~1 n s 

1 

1 

150 

aa 

|CC9(AV)* 

Average supply current from Vcc, 

Self-Refresh mode (Note 6) 

^=CAS^0.2V 
output open 

■ 


150 

aa 


Note 2: Current flowing into an 1C is positive, out is negative. 

3: ICC1 (AV), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current Is measured at the fastest cycle rate. 
4: ICC 1 (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

5: Column address can be changed once or less while RAS=V IL and CAS=VIH 
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MITSUBISHI LSIs 


M5M44800CJ,TP-5,-6r7,-5S,-6Sr7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


CAPACITANCE fTa=0~70“C, Vcc=5V±10%, Vss=0\/, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

BR9i 

Max 

Cl (A) 

Input capacitance, address inputs 

Vt=Vss 



5 

PF 

Cl (CLK) 

Input capacitance, clock inputs 

f=1MHz 



7 

PF 

Cl/O 

Input/Output capacitance, data ports 

\/i=25mVrms 



7 

pF 


SWITCHING CHARACTERISTICS (Ta=0~70’C. Vcc = 5V±10%, Vss=0V, unless otherwise noted, see notes 6,13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M44800O5,-5S 

M5M44800C-6,-6S 

M5M44800C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCAC 


(Note 7,8) 


13 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note 7,9) 


50 


60 


70 

ns 

tAA 

Column address access time 



25 


30 


35 

ns 

tCPA 

Access time from CAS precharae 

(Note 7,11) 


30 


35 


40 

ns 

tOEA 

Access time from OE 



13 


15 


20 

ns 

tCLZ 

Ou^ut low impedance time from CAS low 

(Note 7) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 12) 


13 


15 


20 

ns 

tOEZ 

Output disable time after OE hioh 

■HBDS! 


13 


15 


20 

ns 


Note 6:An initial pause of 500 s is required after power-up foliowed by a minimum of eight initiaiization cycies (RAS- oniy refresh or CAS before RAS refresh 

cycies). _ 

Note the RaS may be cycied during the initiai pause. And 8 initiaiization cycles are required after proionged periods (greater than 16.4ms) of RAS 
inactivity before proper device operation is achieved. 

7:Measured with a ioad circuit equivaient to 2TTL ioads and lOOpF. 

8:Assumes that tRCDi;tRCD(max) and tASC^tASC(max). 

9:Assumes that tRCD^tRCD(max) and tRADStRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC will 
increase by amount that tRCD exceeds the value shown. 

10:Assumes that tRAD& tRAD(max) and tASC^tASC(fnax). 

11 :Assumes that tCP^tCP(max) and tASCStASC(max). 

12:tOFF(niax), tOEZ(max) defines the time at which the output achieves the high impedance state (I OUT^ |±10/< A|) and is not reference to VOH(min) or 
VOMmax). 
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MITSUBISHI LSIs 


M5M44800CJ,TP-5r6,-7r5S,-6S,-7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta=0 ~70°C, Vcc = 5V±10%, Vss=0V, unless otherwise noted, see notes 6,13,14) 





Limits 


Symbol 

Parameter 


M5M44800C-5,-5S 

M5M44800C-6,-6S 

M5M44800C-7,-7S 

Unit 




Min 

Max' 

Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


16.4 


16.4 


16.4 

ms 

tREF 

Refresh cycle time* 


128 


128 


128 

ms 

tRP 

1 Mill II |l|| Ill'll II 

30 


40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 15) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 16) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 17) 

0 

7 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

13 


15 


15 


ns 

tDZC 

1 1 11 • K 1 K ■ (• 

(Note 18) 

0 


0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 18) 

0 


0 


0 


ns 

tCDD 

Delay time, CAS high to data 

(Note 19) 

13 


15 


20 


ns 

tODD 

Delay time, OE high to data 

(Note 19) 

13 


15 


20 


ns 

tT 

Transition time 

(Note 20) 

1 

50 

1 

50 

1 

50 

ns 


Note 13: The timing requirements are assumed tT=5ns. 

14: VIH(min) and VlL(max) are reference ievels for measuring timing of input signals. 

15: tRCD(max) is specified as a reference point oniy. if tRCD is iess than tRCD(max), access time is tRAC. if tRCD is greater than tRCD(max), access time is 
controiled exciusiveiy by tCAC or tAA. 

16: tRAD(max) is specified as a reference point opiy. if tRADStRAD(max) and tASC^tASC(max), access time is controlled exclusively by tAA. 

17: tASC(max) is specified as a reference point only. If tRCDStRCD(max) and tASC^tASC(max), access time is controlled exclusively by tCAC. 

18: Either tDZC or tozo must be satisfied. 

19: Either tCDD or tODD must be satisfied. 

20: tT is measured between VlH(min) and ViLfmax). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M44800C-5,-5S 

M5M44800C-6,-6S 

M5M44800C-7,-7S 

Min 


Min 


Min 


tRC 


90 






ns 

tRAS 

RAS low pulse width 

50 


60 


70 


ns 

tCAS 

CAS low Dulse width 

13 


15 


20 


ns 

tCSH 

CAS hold time after RAS low 



60 


70 


ns 

tRSH 


13 


15 


20 


ns 

tRCS 

Read Setup time before CAS low 

0 


0 


0 


ns 

tRCH 

Read hold time after CAS high (Note 21) 

{[IIIQI 


0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 21) 

0 


0 


0 


ns 

tRAL 

Column address to RAS hold time 

25 


30 


35 


ns 

tOCH 


mm 


15 


20 


ns 

tORH 


13 


15 


20 


ns 


Note 21: Either tRCH or tRRH must be satisfied for a read cycle. 


A MITSUBISHI 
ELECTRIC 


2-100 











































































































































































MITSUBISHI LSIs 


M5M44800CJ,TP-5,-6,-7,-5S,-6S,-7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M44800C-5,-5S 

M5M44800C-6,-6S 

M5M44800C-7,-7S 



■fflM 




two 

Write cycle time 

90 


warn 


130 


ns 

tRAS 

RAS low pulse width 

50 


60 


70 

■nmmi 

ns 

tCAS 

CAS low pulse width 

13 

IfiTiliM 

15 

Ihniiitiii 

20 

IfiWiM 

ns 

tCSH 


50 


60 


70 


ns 

tRSH 

RAS hold time after CAS low 

13 


15 


20 


ns 

twcs 

Write setup time before CAS low (Note 23) 

0 


0 


0 


ns 

tWCH 

Write hold time after CAS low 

8 


10 


15 


ns 

tCWL 


13 


15 


20 


ns 

tRWL 


13 


15 


20 


ns 

tWP 

Write Dulse width 

8 


10 


15 


ns 

tDS 

Data setup time before CAS low or W low 

0 


0 


0 


ns 

tDH 


8 


IIIQJIH 


15 


ns 

tOEH 

OE hold time after W low 

13 


15 




ns 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M44800C-5,-5S 

M5M44800C-6,-6S 

M5M44800C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRWC 

Read write/read modify write cycle time (Note 22) 

■^9 




■KM 


ns 

tRAS 

RAS low pulse width 

86 

■nmtni 

100 


120 

IbnUUM 

ns 

tCAS 

CAS low pulse width 

49 


55 


70 


ns 

tCSH 


86 


■ESI 


120 


ns 

tRSH 


49 


55 


BESI 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 23) 

31 


35 


45 


ns 

tRWD 

Delay time, RAS low to W low (Note 23) 

68 


80 


95 


ns 

tAWD 

Delay time, address to W low (Note 23) 

43 


50 


60 


ns 

tCWL 

CAS hold time after W low 

13 


15 


20 


ns 

tRWL 

RAS hold time after W low 

13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


15 


ns 

tDS 

Data setup time before CAS low or W low 

0 


0 


0 


ns 

tDH 

Data hold time after CAS low or W low 

8 


10 


15 


ns 

tOEH 

OE hold time after W low 

13 


15 


20 


ns 


Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tT. 

23: twcs, tcwD, tRWD and tAWD and, tCPWD are specified as reference points oniy. If twcsstwcs(min) the cycle is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tcWD^tcWDfmin), tRWD^tRWD(min), tAWD^tAWD(min) and tCPWDStCPWD(min) (for fast page 
mode cycle only), the cycle is a read-modify-write cycle and the D Q will contain the data read from the selected address. If neither of the above 
condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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MITSUBISHI LSIs 


M5M44800CJ,TP-5,-6r7r5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Fast Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 





Limits 1 


Symbol 

Parameter 


M5M44800C-5,-5S| 

M5M44800C-6,-6S| 

M5M44800C-7,-7S| 

Unit 




Min 1 

Max 

Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 



40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

71 


80 


95 


ns 

tRAS 

RAS low pulse width for read or write cycie 

(Note 25) 

85 


100 


115 


ns 

tCP 

CAS high pulse width 

(Note 26) 

8 

12 

10 

15 

10 

15 

ns 

tCPRH 

1 RAS hoid time after CAS precharge 

30 


mm 


40 


ns 

tCPWD 

1 Delav time. CAS orecharoe to W iow 

(Note 23) 

48 


1 55 1 


65 


ns 


Note 24: All previously specified timing require ments and switching characteristics are applicable to their respective Fast page mode cycle. 
25: tRAS(min) is specified as two cycies of CAS input are performed. 

26: tCP(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle, Extended Refresh Cycle * (Note 27) 




Limits 1 


Symbol 

Parameter 

1 M5M44800C-5,-5S| 

1 M5M44800(>6,-6S| 

M5M44800C-7,-7S 

Unit 



Min 

Max 

Min 

Max 

Min 

Max 


tCSR 

CAS setUD time before RAS low 

5 


5 


5 


ns 




CAS low pulse width 


Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 


Self Refresh Cycle* (Note 28 ) 
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MITSUBISHI LSIs 


M5M44800CJ,TP-5,-6,-7,-58,-68,-78 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Timing Diagrams (Note 29) 
Read Cycle 
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M5M44800CJ,TP-5,-6,-7,-5S,-6Sr7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 



2-104 


A MITSUBISHI 
ELECTRIC 







MITSUBISHI LSIs 


M5M44800CJ,TP-5,-6,-7,-53,-6Sr7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 
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M5M44800CJ,TP-5,-6,-7,-5Sr6S,-7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 
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MITSUBISHI LSIs 


M5M44800CJ,TP-5r6r7r5Sr6S,-7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 
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CAS before RAS Refresh Cycle, Extended Refresh Cycle 
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I\/I5M44800CJ,TP-5,-6,-7,-58,-6S,-7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 30) 
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FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 
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M5M44800CJ,TP-5,-6r7r5S,-6S,-7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 
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M5M44800CJ,TP-5,-6,-7r5Sr6S,-7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 
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M5M44800CJ,TP-5,-6,-7,-58,-6Sr7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 
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MITSUBISHI LSIs 

M5M44800CJ,TP-5,-6r7r5S,-6S,-7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Self Refresh Cycle* (Note 28 ) 


_ VlH- 

RAS 

ViL- 


_ Vin¬ 
cas 

VlL- 


VlH- 

Ao~A9 

VlL- 


DQi~DQ8 Vih- 
(INPUTS) 


DQi~DQ8 Von 
(OUTPUTS) 










MITSUBISHI LSIs 


M5M44800CJ,TP-5,-6,-7,-5S,-6S,-7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Note 28:Self refresh sequence 

Two refreshing methods should be used properly depending on the 
low pulse width(tRASs) of RAS signal during self refresh period. 


1. Distributed refresh during Read/Write operation 



refresh cycle refresh cycle 


Table 2 


ReadA/Vrite Cycle 

ReadA/Vrite-* 

Self Refresh 

Self Refresh-* 
ReadAA/rite 

CBR distributed 
refresh 

tNSD^125//S 

tSN0^125><S 

RAS only 
distributed refresh 

tNSD^16A<S 

tSN0^16//S 


(B) Definition of distributed refresh 


tREF/1024 


RAS 



tREF 


tREF/1024 





Definition of CBR distributed refresh 
flncluding extended refresh) 

The CBR distributed refresh performs more than 1024 
constant period (125 /rs max.) CBR cycles within 128ms. 
Definition of RAS only distributed refresh 

All combinations of nine row address signals (Ao~A9) are 
selected during 1024 constant period (16 //s max.) RAS 
only refresh cycles within 16.4ms. 

Note: 

Hidden refresh may be used instead of CBR refresh. 

RAS/CAS refresh may be used instead of RAS only refresh. 

1.1 CBR distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interval from the falling edge of RAS signal in the last 
CBR refresh cycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within tNso (shown in table 2). 


• Switching from self refresh operation to read/write operation. 

The time inten/al from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in the 
first CBR refresh cycle during read/write operation period should 
be set within tsNO (shown in table 2) 

1.2 RAS only distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interval tNso from the falling edge of RAS signal in the 
last RAS only refresh cycle during read/write operation period to 
the falling edge of RAS signal at the start of self refresh 
operation should be set within 16 s. 

• Switching from self refresh operation to read/write operation. 

The time interval tSND from the rising edge of RAS signal at the 
end of self refresh operation to the falling edge of RAS signal in 
the first CBR refresh cycle during read/write operation period 
should be set within 16 s. 
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M5M44800CJ,TP-5,-6,-7,-5S,-68,-78 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


2. Burst refresh during ReadA/Vrite operation 
(A) Timing diagram 


RAS 


Read/Write 


Self Refresh 


Read/Write 


tNSB 

tRASSS100;/S 

tSNB 




|||||||||||■■|■■^■|| 



s 

mB 


BnH 

n 

IihI 


1 i 



first 

refresh cycles 

refresh cycles 

last 


cycles 


cycles 


Table 3 


Read/Write Cycle 

ReadA/Vrite->- 
Self Refresh 

Self Refresh-► 
ReadA/Vrite 

CBR burst 
refresh 

tNSB^ 16.4ms 

tSNB^ 16.4ms 

RAS only 
burst refresh 

tNSB+tSNB^16.4mS 


(B) Definition of burst refresh 


RAS 


16.4ms 





lf\j vi\r 


refresh cycles 
1024 cycles 


read/wrlte cycles 


Definition of CBR burst refresh 

The CBR burst refresh performs more than 1024 continuous 
CBR cycies within 16.4ms. 

Definition of RAS only burst refresh 

All combination of nine row address signals (A o~A9) are 
selected during 1024 continuous RAS only refresh cycles 
within 16.4ms. 

2.1 CBR burst refresh 

• Switching from read/write operation to self refresh operation. 

The time interval tNse from the falling edge of RAS signal in the 
first CBR refresh cycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
shouid be set within 16.4ms. 

• Switching from self refresh operation to read/write operation. 

The time interval tsNB from the rising edge of RAS signal at the 
end of self refresh operation to the faliing edge of RAS signal in 
the last CBR refresh cycle during read/write operation period 
shouid be set within 16.4ms. 


2.2 RAS only burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal in the first 
RAS oniy refresh cycle during read/write operation period to 
the falling edge of RAS signal at the start of self refresh 
operation should be set within tNsa (shown in table 3). 

• Switching from seif refresh operation to read / write operation. 
The time intervai from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in the 
last RAS only refresh cycle during read/write operation period 
shouid be set within tsNB (shown in table 3). 
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MITSUBISHI LSIS 

M5M44260CJ,TP-5,-6,-7, 

-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 262144-word by 16-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for memory systems where high speed, low power dissipation, and 
low costs are essential. 

The use of double-layer metalization process technology and a 
single-transistor dynamic storage stacked capacitor cell provide 
high circuit density at reduced costs. Multiplexed address inputs 
permit both a reduction in pins and an increase in system 
densities. Self or extended refresh current is small enough for 
battery back-up application. _ 

This device has 2CAS and 1W terminals with a refresh cycle of 
512 cycles every 8.2ms. 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

M5M44260CXX-5,-5S 


13 

^1 

mm 

90 


M5M44260CXX-6,-6S 


15 

1 30 1 

■a 

110 

II^SI 

M5M44260CXX-7,-7S 

mm 


K9i 


msm 



XX=J.TP 


•Standard 40pin SOJ, 44 pin TSOP (n) 

•Single 5V±10% supply 
•Low stand-by power dissipation 

CMOS Input level--5.5mW (Max) 

CMOS Input level- 550 n W (Max) ♦ 

•Operating power dissipation 

M5M44260Cxx-5,-5S- 688mW (Max) 

M5M44260Cxx-6,-6S-605mW(Max) 

M5M44260Cxx-7,-7S- 523mW(Max) 

•Self refresh capability * 

Self refresh current-150 /<A(Max) 

•Extended refresh capability 

Extended refresh current-150 A (Max) 

• Fast -page mode ( 512-c olumn r ando m access), Read-modify-write, 
RAS-only refresh, CAS before RAS refresh. Hidden refresh 

capabilities. _ _ _ 

•Early-write mode, LCAS / UCAS and OE to control output buffer 
impedance 

•512 refresh cycles every 8.2ms (Ao~A8) 

•512 refresh cycles every 128ms (Ao~A8) * _ _ 

•Byte or word control for Read/Write operation (2CAS, 1W type) 

*: Applicable to self refresh version (M5M44260CJ,TP-5S,-6S,-7S 
: option) only 


APPLICATION 

Microcomputer memory. Refresh memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

Ao-As 

Address inputs 

DQi~DQi6 

Data inputs / outputs 


Row address strobe input 

LCAS 

Lower byte control 
column address strobe input 

UCAS 

Upper byte control 
column address strobe input 

W 

Write control input 

OE 

Output enable input 

Vcc 

Power supply (+5V) 

Vss 

Ground (OV) 


PIN CONFIGURATIC 

)N (TOP VIEW) 

-- 


(5V)VCC [T 


^ VSS(OV) 

DQl [7 


39 ] DQ 16 

dq2 [7 


ii] DQis 

DQ3 jT 


13 DQ14 

DQ4 [? 


ii] DQ13 

(5V)VCC [? 


^ VSS(OV) 

DQ5 [7 


^ DQ12 

DQe [s 


13 DQ 1 I 

DQ7 [? 

s 

^ DQ 10 

DQa |io 

s 

ii] DQ9 

NC ET 

N> 

o> 

§3 NC 

NC Ei 

0 

0 

^ LCAS 

w El 


28] Ocas 

RAS [4 


27] OE 

NC 111 


26] A8 

AO Ei 


^ A7 

At El 


^ A6 

A2 El 


23 ] As 

A3 El 


22 ] A4 

(5V)Vcc 1° 


21 ] VSS(OV) 

Outlin 

e40POK(400m 

—— - 

1 SOJ) 

(5V)VCC [T 


44 ] VSS(OV) 

DQl [2 


13 DQl 6 

dq2 |T 


13 DQis 

DQ3 [4 


43 DQ14 

DQ4 [I 


13 DQl 3 

(5V)VCC \± 


H VSS(OV) 

DQS [7 


^ DQ 12 

DQe H 


37 ] DQ 11 

DQ7 [? 


^ DQ 10 

DQ8 El 

s 

U1 

s 

10 

o> 

0 

13 DQ9 

NC El 

0 

H 

13 NC 

NC El 


H] LC^ 

W EI 


^ UCAS 

RAS EI 


13 OE 

NC Ez 


13 A8 

AO E! 


13 A7 

At EI 


13 A6 

A2 


^ As 

A3 Hi 


24 ] A4 

(5V)VCC M 


^ VSS(OV) 

Outline 44P3W-L (400mil TSOP Nomal Bend) 

NC: NO CONNECTION 


M5M44260CJ,TP-5,-5S ; under development 
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M5M44260CJ,TP-5r6,-7,-58,-68,-78 


FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION _ 

In addition to normai read,write and read-modify-write operations fast page mode, RAS-oniy refresh and delayed-write. The input 
the M5M44260CJ, TP provides a number of other functions, e.g., conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 1 

Input/Output 1 

Refresh 

Remark. 


LCAS 

UCAS 

w 

OE 

Row 

address 

KjflQIlijJiV 




ACT 

ACT 


NAC 

ACT 

APD 

APD 

Dout 

OPN 

YES 

Fast 

page 

mode 

identical 


ACT 

NAC 


NAC 

ACT 

APD 

APD 

OPN 

Dout 

YES 

Word read 

ACT 

ACT 


NAC 

ACT 

APD 

APD 

Dout 

Dout 

YES 

Lower byte write 

ACT 

ACT 


ACT 

NAC 

APD 

APD 

Din 

DNC 

YES 


ACT 

NAC 


ACT 

NAC 

APD 

APD 

DNC 

Din 

YES 

Word write 

ACT 

ACT 

ESI 

ACT 

NAC 

APD 

APD 

Din 

Din 

YES 

RAS oniy refresh 

ACT 

NAC 

1 NAC 1 

DNC 

DNC 

APD 

DNC 

OPN 

OPN 

YES 


Hidden refresh 

ACT 

ACT 


DNC 

ACT 

DNC 

DNC 

Dout 

Dout 

YES 



ACT 

ACT 


DNC 

DNC 

DNC 

DNC 

OPN 

OPN 

YES 


Seif refresh * 

ACT 

ACT 


DNC 

DNC 

DNC 

DNC 

OPN 

OPN 

YES 


Stand-by 




DNC 




EI39i 





Note ; ACT : active, NAC; nonactive, DNC; don't care, OPN : open 


BLOCK DIAGRAM 


ROW ADDRESS __ 

STROBE INPUT raS 

LOWER BYTE CONTROL „ 
COLUMN ADDRESS LCAS 

STROBE INPUT_ 

UPPER BYTE CONTROL UCAS O" 
COLUMN ADDRESS ^ 

STROBE INPUT 


WRITE CONTROL 
INPUT 


ADDRESS INPUTS •< 



VCC (5V) 

VSS (OV) 

)DQiT 

)DC52 I LOWER DATA 

I INPUTS/OUTPUTS 
)DQ8j 

)VCC (5V) 

)VSS (OV) 


IDQ9T 

I DQIol UPPER DATA 
; pNPUTS/OUTPUTS 

IDQieJ 


)VCC (5V) 
)VSS (OV) 


OUTPUT ENABLE 
INPUT 
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M5M44260CJ,TP-5r6r7,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-1~7 

V 

Vi 

Input voltage 

-1~7 

V 

Vo 

Output voltage 

-1~7 

V 

1 o 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25‘C 

1000 

mW 

Topr 

Operating temperature 


0~70 

”C 

il9H 

Storage temperature 


-65~150 

'C 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70”C, unless otherwise noted) {Note i) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Nom 

Max 

Vcc 

Supply voltage 

■09 


5.5 

V 

Vss 

Supply voltage 

0 

0 


V 

VIH 

High-level input voltage, all inputs 

mm 


■91 

V 

ViL 

Low-level input voltage, all inputs 



0.8 

V 


Note 1 ; All voltage values are with respect to VSS. 

* * : VlL(min) Is -2.0V when pulse width Is less than 25ns. (Pulse width is with respect to Vss.) 


ELECTRICAL CHARACTERISTICS (Ta=0~70"C , Vcc=5V±10%, Vss=0V, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

wpum 



VOH 

High-level output voltage 

IOH=-5mA 

msm 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=4.2mA 

_oj 


0.4 

V 

loz 

Off-state output current 

Q floating OV^VouT^ 5.5V 



10 

mA 

li 

input current 

0V^lN^-^6.0V, Other inputs pins=0V 

-10 


10 

jxA 

|CC1(AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M44260C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



125 

mA 

M5M44260C-6,-6S 



110 

M5M44260C-7,-7S 



95 

|CC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

R^=C^SVcc -0.5V 
output open 



1.0 



0.1* 

|CC3(AV) 

Average supply current 
from Vcc, RAS only 
refresh mode 

(Note 3,5) 

M5M44260C-5,-5S 

RAS cycling, CAS=Vih 

tRC=min. 

output open 



125 

mA 

M5M44260C-6,-6S 



110 

M5M44260C-7,-7S 



95 

ICC4(AV) 

Average supply current 
from Vcc 

Fast page mode 

(Note 3,4,5) 

M5M44260C-5,-5S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



125 

m 

M5M44260C-6,-6S 



110 

M5M44260C-7,-7S 



95 

|CC6(AV) 

Average supply current 

from Vcc _ 

CAS before RAS refresh 
mode (Note 3,5) 

M5M44260C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



115 

mA 

M5M44260C-6,-6S 



100 

M5M44260C-7,-7S 



85 

|CC8(AV)* 

Average supply current 
from Vcc 

Extended-refresh mode (Note 6) 

RAS cycling CAS ^0.2V or CAS 
before RAS refresh cycling 

RAS^0.2V or ^Vcc-0.2V 

CAS^0.2V or ^Vcc-0.2V 

W^0.2V or^Vcc-0.2V 

OE^0.2V or SVCC-0.2V 

Ao~A 8 ^ 0.2V or ^Vcc-0.2V, 
DQ=open 

tRC=250 //S, tRAS=tRAS nnin~1 //S 

1 

1 

150 

aA 

lCC9(AV) * 

Average supply current from Vcc 

Self-refresh mode (Note 6) 

RAS=C^^0.2V 
output open 

■ 

■ 

150 

aA 


Note 2: Current flowing into an 1C is positive, out is negative. 

3: ICC1 (AV), ICC3 (AV), ICC4 (AV), and ICC6 (AV) are dependent on cycle rate. Maximum current Is measured at the fastest cycle rate. 
4: ICC 1 (AV) and ICC4 (AV) are dependent on output loa ding. Specified value s are obtained with the output open. 

5: Column Address can be changed once or less while RAS=V IL and CAS=VIH. 
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M5M44260CJ,TP-5,-6r7r5Sr6S,-7S 

FAST PAGE MODE 4194304<BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~70°C , Vcc=5\/±10%, Vss=0V, unless othenwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 



5 

pF 

Cl (CLK) 

Input capacitance, clock inputs 

f=1MHz 



7 

PF 

Cl/O 

Input/Output capacitance, data ports 

Vi=25mVrms 



7 

PF 


SWITCHING CHARACTERISTICS (Ta=0~70 'C, Vcc=5V±10%, Vss=0V, unless otherwise noted, see notes 6,13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M44260C-5,-5S 

M5M44260C-6,-6S 

M5M44260C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCAC 


(Note 7,8) 


13 


15 


20 

ns 

tRAC 


(Note 7,9) 


50 


60 


70 

ns 

tAA 

Columu address access time 

(Note 7,10) 


25 


30 


35 

ns 

tCPA 

Access time from CAS orecharae 

(Note 7,11) 


30 


35 


40 

ns 

tOEA 


(Note 7) 


mm 


15 


20 

ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 12) 


■EH 


15 


20 

ns 

tOEZ 

Output disable time after OE high 

(Note 12) 


13 


15 


20 

ns 


Note 6; An initial pause of 500 (is is required after power-up followed by a minimum of eight initialization cycles (RAS-only refresh or CAS before RAS refresh 


cycles). 

Note the RAS may be cycled during the initial pause. And 8 initialization cycles are required after prolonged periods (greater than 8.2ms) of RAS 
inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

8 ; Assumes that tRGD^ tRCD(max) and tASCS tASC(max). 

9: Assumes that tRCD^ tRCD(max) and tRAD^ tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, IRAC 
Will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRADS tRAD(max) and tASC^ tASC(max). 

11: Assumes that tCPg tCP(max) and tASC ^ tASC(max). 

12: tOFF(niax) and tOEZ (max) defines the time at which the output achieves the high impedance state (I OUT ^ | ± 10 pAl) and is not reference to VOH(min) 
or VOL(max). 
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M5M44260CJ,TP-5,-6,-7,-58,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Fast-Page Mode Cycles) 

(Ta=0~70”C, Vcc=5V±10%, Vss=0V, unless otherwise noted, see notes 6,13,14) 





Limits 


Symbol 

Parameter 


M5M44260C-5,-5S 

M5M44260C-6,-6S 

M5M44260C-7,-7S 

Unit 








Min 



tREF 

Refresh cycle time 


8.2 


8.2 


8.2 

ms 

tREF 

Refresh cycle time * 


128 


128 


128 

ms 

tRP 

RAS high pulse width 

30 


40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 15) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


10 


ns 

tRAD 

Coiumn address delay time from RAS low 

(Note 16) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 17) 

0 

7 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

13 


15 


15 


ns 

tDZC 

Delay time, data to CAS low 

(Note 18) 

0 


0 


0 


ns 

tozo 

Delay time, data to OE low 

(Note 18) 

0 


0 


0 


ns 

tCDD 

Delay time, CAS high to data 

(Note 19) 

13 


15 


20 


ns 

tODD 

Delay time, OE high to data 

(Note 19) 

13 


15 


20 


ns 

tT 

Transition time 

(Note 20) 

1 

50 

1 

50 

1 

50 

ns 


Note 13: The timing requirements are assumed tT =5ns. 

14: VlH(min) and VlL(max) are reference leveis for measuring timing of input signais. 

15: tRCD(max) is specified as a reference point oniy. if tRCD is iess than tRCD(max), access time is tRAC. if tRCD is greater than tRCD(max), access time is 
controiied exciusively by tCAC or tAA. 

16: tRAD(max) is specified as a reference point only. If tRAD a tRAD(max) and tASC ^ tASC(max), access time is controlled exclusively by tAA. 

17: tASC(max) is specified as a reference point only. If tRCD^ tRCD(max) and tASC a tASC(max), access time is controlled exclusively by tCAC. 

18: Either tDZC or tozo must be satisfied. 

19: Either tCDD or tODD must be satisfied. 

20: tT is measured between VIH(min) and VIL(max). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M44260C-5,-5S 

M5M44260C-6,-6S 

M5M44260C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

90 


110 


130 


ns 

tRAS 

RAS low pulse width 

50 

BWl 

60 


70 


ns 

tCAS 

CAS low pulse width 

13 

BWl 

15 


20 


ns 

tCSH 

CAS hold time after RAS iow 

50 


60 


70 


ns 

tRSH 


13 


15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tRCH 

Read hold time after CAS high (Note 21) 

0 


0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 21) 

0 


0 


0 


ns 

tRAL 

Column address to RAS hold time 

25 


30 


35 


ns 

tOCH 

CAS hoid time after OE low 

13 


15 


20 


ns 

tORH 

iKl ■ 11 ■ it:*: 11 r:i 

13 


15 


20 


ns 


Note 21: Either tRCH or tRRH must be satisfied for a read cycle. 


A MITSUBISHI 
ELECTRIC 


2 - 121 































































































































































































MITSUBISHI LSIs 

M5M44260CJ,TP-5,-6,-7r5S,-6S,-7S 
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Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M44260C-5,-5S 

M5M44260C-6,-6S 

M5M44260C-7,-7S 

Min 


Min 

Max 

Min 


two 

Write cycle time 

90 


110 


130 


ns 

tRAS 

RAS low pulse width 

50 

KNViM 

60 

iliWtlil 

70 

■nnnm 

ns 

tCAS 

CAS low pulse width 

13 

BW«!»M 

15 


20 


ns 

tCSH 


50 


60 


70 


ns 

tRSH 

RAS hold time after CAS low 

■a 


15 


20 


ns 

twcs 

Write setup time before CAS low (Note 23) 

0 


0 


0 


ns 

tWCH 


8 


10 


15 


ns 

tCWL 


mm 


15 


20 


ns 

tRWL 

RAS hold time after W low 

13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


15 


ns 

tDS 

Data setup time before CAS low or W low 

0 


0 


0 


ns 

tDH 


8 


10 


15 


ns 

tOEH 

OE hold time after W low 

13 


15 


20 


ns 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M44260C-5,-5S 

M5M44260C-6,-6S 

M5M44260C-7,-7S 



w 




tRWC 

Read write/read modify write cycle time (Note 22) 

■a 


150 


■la 


ns 

tRAS 

RAS low pulse width 

86 


100 


120 

KTBfRil 

ns 

tCAS 

CAS low pulse width 

49 

■nnnnM 

55 


70 


ns 

tCSH 


86 




■ai 


ns 

tRSH 


49 


55 


70 


ns 

tRCS 

Read setup time before (5 aS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 23) 

mm 


35 


45 


ns 

tRWD 

MmEss^msmammmmmm^ 

68 


80 


95 


ns 

tAWD 

Delay time, address to W low (Note 23) 

43 


50 


60 


ns 

tCWL 

CAS hold time after W low 

13 


15 


20 


ns 

tRWL 

RAS hold time after W low 

13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


15 


ns 

tDS 

Data setup time before CAS low Or W low 

0 


0 


0 


ns 

tDH 

Data hold time after CAS low or W low 

8 


10 


15 


ns 

tOEH 

OE hold time after W low 

13 


15 


20 


ns 


Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP<min)44tT. 

23: twcs, tcWD, tRWD and tAWD and tCPWD are specified as reference points oniy. If tWCSStWCS(min) the cycle is an eariy write cycle and the DQ pins 
wili remain high impedance throughout the entire cycle. If tCWDitcWDfmin), tRWDitRWD(min), tAWDStAWD(min) and tCPWD^ tCPWD(min) 

(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ w ill co ntain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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M5M44260CJ,TP-5,-6,-7r5Sr6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 24) 





Limits 1 


Symbol 

Parameter 


M5M44260C-5,-5S 

|M5M44260C-6,-6S 

M5M44260C-7,-7S 

Unit 



Min 

Max 

Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 

35 


40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

71 


80 


95 


ns 

tRAS 

RAS low pulse width for read or write cycie 

(Note 25) 

85 




115 


ns 

tCP 

CAS high puise width 

(Note 26) 

8 

12 

10 

15 

10 

15 

ns 

tCPRH 

1 RAS hold time after CAS precharge 

30 


35 


40 


ns 

tCPWD 

1 Delay time, CAS precharge to W low 


48 




65 


ns 


Note 24; All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
25: tRAS(rnin) is specified as two cycles of CAS input are performed. 

26: tCP(max) Is specified as a reference point only. 


CAS before RAS Refresh Cycle, Extended Refresh Cycle * (Note 27) 


Symbol 

Parameter 

1 Limits 1 

Unit 

|M5M44260C-5,-5S| 

M5M44260C-6,-6S| 

M5M44260C-7,-7S| 

Min 


Min 


Min 

Max 

tCSR 

CAS setup time before RAS low 

5 


5 


5 


ns 

tCHR 


10 


10 


15 


ns 

tCAS 

1 CAS low pulse width 

20 


20 


mm 


ns 


Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 


Self Refresh Cycle * (Note 28 ) 
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Timing Diagrams (Note 29) 
Read Cycle 



LCAS/UCAS 



2-124 


A 


MITSUBISHI 

ELECTRIC 















MITSUBISHI LSIS 

M5M44260CJ,TP-5,-6,-7,-58,-68,-78 


FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 
































MITSUBISHI LSIs 


M5M44260CJ,TP-5,-6r7r5S,-6S,-7S 


FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 



LCAS/UCAS 


DQi~DQi6 Vih- 
(INPUTS) viL - 



DQi~DQi6 
(OUTPUTS) VOL- 
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Byte Write Cycle (Early write) 


RAS 


UC AS 
(or LCAS) 


LCAS_ 

(or UCAS) 


A0~A8 




DQi~DQ8 vqh- 
(or DQ9 ~DQi6) 
(OUTPUTS) VOL- 


Hi-Z 


DQ9~DQi6 
(or DQi'^DQs) 
(INPUTS) ViL - 



DQ9~DQ16 
(or DQi~DQ8) 
(OUTPUTS) VOL- 


Hi-Z 
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Byte Read-Write, Read-Modify-Write Cycle 




(or LCAS) ViL 


(or UCAS) 

ViL - 


VIH 

Ao~A8 

ViL 


ViH- 

W 

ViL ■ 

DQi~DQ8 

Viu ■ 

(or DQ9 ~DQi6) 

(INPUTS) 

ViL 

DQi~DQ8 

VOH 

(or DQ9 ~DQi6) 

(OUTPUTS) 

VOL 

DQ9~DQi6 

Viu 

(or DQi~DQ8) 

(INPUTS) 

ViL 

DQ9~DQi6 

VOH 

(or DQi~DQ8) 

(OUTPUTS) 

VOL 





COLUMN 

ADDRESS 


Ml! 










EeVVVVVVVViVVVV'VVVV 








K*I*I*I*I» > I* > I*I*>?*^^ 
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M5M44260CJ,TP-5,-6,-7r5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 
CAS before RAS Refresh Cycle, Extended Refresh Cycle * 


RAS 


VlH- 

VlL- 


_VlH- 

LCAS/UCAS 

ViL - 


Ao~A8 


ViH- 

VlL- 



VlH- 

VlL- 


DQi~DQi6 Vih- 
(INPUTS) viL - 


DQi~DQi6 
(OUTPUTS) VOL- 


OE 


ViH- 

ViL- 




A MITSUBISHI 
ELECTRIC 


2-133 













MITSUBISHI LSIs 
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FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 30) 



LCAS/UCAS 
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MITSUBISHI LSIS 

M5M44260CJ,TP-5,-6,-7,-5S,-6Sr7S 


FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Byte Read Cycle 


(or LCAS) ViL 


(or UCAS) ViL 


DQi'^DQs , 
(or DQ9 ~DQi6) 
(INPUTS) VIL 


DQi~DQ8 yoh- 
(or DQ9 ~DQi6) 
(OUTPUTS) VOL- 


DQ9~DQ16 
(or DQi~DQ 8) 
(INPUTS) ViL 


DQ9~DQi6 yoh- 
(or DQi~DQ 8) 
(OUTPUTS) VoL- 
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M5M44260CJ,TP-5,-6,-7,-58,-6Sr7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Byte Write Cycle (Early Write) 


(or LCAS) ViL 


(or UCAS) ViL - 



tASR tRAH 


ROW 

ADDRESS, 


tASC 

i -» 

tCAH 

tASC 


tCAH 

<-► 



tCAH 

4 -» 

/■ COLUMN 

COLUMN ^ 

?S?^' COLUMN ’ 

y. ADDRESS1,^\XX/ 

: ADDRESS2 ^ fVV 

-ADDRESSSj 

I 

twos 

tWCH . 

twcs 


tWCH 

I 

twcs 


tWCH 


ROW 

ADDRESS 


DQi~DQ8 Vih ■ 
(or DQ9 ~DQi 6) 
(INPUTS) ViL ■ 


DQi~DQ 8 
(or DQ9 ~DQi6) 
(OUTPUTS) VOL- 


DQ9~DQi6 w 
( or DQi~DQ 8) 
(INPUTS) ViL 


DQ9~DQ16 
(or DQi~DQ8) 
(OUTPUTS) VOL- 


tDS tDH 


tDS I tDH 
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M5M44260CJ,TP-5,-6r7r5S,-68,-78 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Read-Write, Read-Modify-Write Cycle 



LCAS/UCAS 

VIL 


VIH 

Ao~A8 

ViL 


ViH 

W 

ViL 

DQi~DQi6 

ViH 

(INPUTS) 

ViL 

DQi~DQi6 

VOH 

(OUTPUTS) VoL 





COLUMN 
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MITSUBISHI LSIs 

M5M44260CJ,TP-5r6,-7r5S,-6Sr7S 


FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Self Refresh Cycle * (Note 28 ) 


RAS 

VIL 

ViH 

LCAS/UCAS 

ViL 


ViH 

CO 

< 

1 

ViL 


ViH 

w 

ViL 

DQi~DQi6 

ViH 

(INPUTS) 

ViL 

DQi~DQi6 

VOH 

(OUTPUTS) VoL 








A 
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M5M44260CJ,TP-5,-6,-7,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Note 28 : Self refresh sequence 

Two refreshing methods should be us ed properly depending on 
the low pulse width (tRASS) of RAS signal during self refresh 
period. 

1. Distributed refresh during ReadA/Vrite operation 
(A) Timing Diagram 



Table 2 


Read / Write Cycle 

Read / Write-» 
Self Refresh 

Self Refresh-*’ 
Read / Write 

CBR distributed 
refresh 

tNSD^250 fi s 

tSND^250/:iS 

RAS only 
distributed refresh 

tNSD^16/<S 

tSND^16/<S 



Definition of CBR distributed refresh 
(Including extended refresh) 

The CBR distributed refresh performs more than 512 
constant period (250 // s max.) CBR cycles within 128 ms. 


Definition of RAS only distributed refresh 

All combinations of nine row address signais (A o~A8 ) are 
selected during 512 constant period (16 s max.) RAS only 
refresh cycles within 8.2 ms. 


Note: 

Hidd en refresh may be used instead of CBR refresh. 

RAS/CAS refresh may be used instead of RAS oniy refresh. 

1.1 CBR distributed refresh 

• Switching from read/write operation to self refre sh operation. 

The time interval from the falling edge of RAS signal in the last 
CBR refresh c ycle during read/write operation period to the 
failing edge of RAS signal at the start of self refresh operation 
shouid be set within tNSO (shown in table 2). 


• Switching from self refresh operation to read/write operation. 
The time intervai from the rising edge of RAS signal at the 
end of self refresh operation to the falling edge of R^ signal 
in the first CBR refresh cycle during read/write operation 
period should be set within tSNO (shown in table 2). 

1.2 RAS only distributed refresh 

• Switching from read/write operation to self refres h op eration. 
The time interval tNso from the falling edge of RAS signal in 
the last RAS only refresh cy cle d uring read/write operation 
period to the falling edge of RAS signal at the start of self 
refresh operation should be set within 16 ;/s. 

• Switching from self refresh operation to read/wri te op eration. 
The time interval tSNO from the rising edge of RAS sign al at 
the end of self refresh operation to the falling edge of RAS 
signal in the first CBR refresh cycle during read/write 
operation period should be set within 16 // s. 
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MITSUBISHI LSIS 

M5M44260CJ,TP-5r6r7r5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


2. Burst refresh during Read/Write operation 
(A) Timing diagram 


Read / Write 


, Self Refresh 

-4 - 


Read / Write 


tNSB 


tRASS^100/rs 


tSNB 


RAS 





first refresh cycles 

refresh cycles 511 cycles 


refresh cycles last 

511 cycles refresh Cycles 


Table 3 


Read / Write Cycle 

Read / Write-» 

Self Refresh 

Self Refresh-* 
Read / Write 

CBR burst 
refresh 

tNSB^ 8.2ms 

tsNB^8.2ms 

RAS only 
burst refresh 

tNSB+tSNB^8.2mS 


(B) Definition of burst refresh 


RAS 




refresh cycles 
512 cycles 




Definition of CBR burst refresh 

The CBR burst refresh performs more than 512 continuous 
CBR cycles within 8.2 ms. 

Definition of RAS only burst refresh 

All combination of nine row addr ess s ignals (Ao~A8) are 
selected during 512 continuous RAS only refresh cycles 
within 8.2 ms. 

2.1 CBR burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNSB from the falling edge of RAS signal in 
the first CBR refresh c ycle during read/write operation period 
to the falling edge of RAS signal at the start of self refresh 
operation should be set within 8.2 ms. 

• Switching from self refresh operation to read/write operation. 
The time interval tsNB from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of RAS 
signal in the last CBR refresh cycle during read/write operation 
period should be set within 8.2 ms. 


read/write cycles 


2.2 RAS only burst refresh 

• Switching from read/write operation to self refresh operation. 
The time inten/al from the falling edge of RAS signal in the 
first RAS only refresh cycle during read/write operation period 
to the falling edge of RAS signal at the start of self refresh 
operation should be set within tNSB (shown In table 3). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at the end 
of self r efresh operation to the falling edge of RAS signal in 
the last RAS only refresh cycle during read/write operation 
period should be set within tSNB (shown in table 3). 
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MITSUBISHI LSIs 

M5M44265CJJP-5,-6,-7, 

-5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 262144-word by 16-bit dynamic RAMs with 
Hyper Page mode fuction, fabricated with the high performance 
CMOS process, and is ideai for the buffer memory systems of 
personai computer graphics and HDD where high speed, iow 
power dissipation, and iow costs are essentiai. 

The use of doubie-iayer metaiization process technology and a 
single-transistor dynamic storage stacked capacitor cell provide 
high circuit density at reduced costs. Muitipiexed address inputs 
permit both a reduction in pins and an increase in system 
densities. Self or extended refresh current is low enough for 
battery back-up application. _ 

This device has 2CAS and 1W terminals with a refresh cycle of 
512 cycles every 8.2ms. 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max. ns) 

Cycle 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

M5M44265CXX-5,-5S 


mm 


mm 



M5M44265CXX-6,-6S 

MAtU 

1 15 

1 30 1 

mm 

1 110 1 


M5M44265CXX-7,-7S 





gc!a 

gViM 


XX=J,TP 


•Standard 40pin SOJ, 44 pin TSOP (n ) 

•Single 5V±10% supply 
•Low stand-by power dissipation 

CMOS Input level-“-5.5mW (Max) 

CMOS Input level- 550 //W (Max)* 

•Operating power dissipation 

M5M44265Cxx-5,-5S-688mW (Max) 

M5M44265Cxx-6,-6S-605mW (Max) 

M5M44265Cxx-7,-7S- 523mW (Max) 

•Self refresh capability * 

Self refresh current - --150 (Max) 

•Extended refresh capability 

Extended refresh current-^--150 /.<A (Max) 

•Hyper -pag e mode (512- colum n rand om ac cess), Read-modify- 
write, RAS-only refresh, CAS before RAS refresh. Hidden refresh 
capabilities. __ _ 

•Early-write mode, OE and W to control output buffer impedance 
•512 refresh cycles every 8.2ms (Ao~A8) 

•512 refresh cycles every 128ms (Ao~A8)* _ _ 

•Byte or word control for Read/Write operation (2CAS, 1W type) 

♦: Applicable to self refresh version (M5M44265CJ,TP-5S,-6S,-7S 
: option) only 

APPLICATION 

Microcomputer memory. Refresh memory for CRT, Frame Buffer 
memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

Ao-As 

Address inputs 

DQi~DQi6 

Data inputs / outputs 


Row address strobe input 

LCAS 

Lower byte control 
column address strobe input 

UCAS 

Upper byte control 
column address strobe input 

W 

Write control input 

OE 

Output enable input 

Vcc 

Power supply (+5V) 

Vss 

Ground (OV) 


PIN CONFIGURATION (TOP VIEW) 


(5V)VCC U 


^ VSS(OV) 

DQ1 [I 


^ DQl 6 

DQ2 [7 


^ DQ1S 

DQ3 [7 


^ DQ14 

DQ4 [s 


36] DQ13 

(5V)VCC [? 


m VSS(OV) 

DQs [7 


^ DQ12 

DQe [? 


^ DQll 

DQ7 [? 

s 

32] DQIO 

DQ8 |io 

3 

^ DQ9 

NC E7 

lO 

o> 

3^ NC 

NC Ei 

tfl 

O 

^ LCAS 

w lil 


^ 0^ 

Qi 


13 OE 

NC E! 


13 A8 

AO Ei 


HI A7 

At Ei 


if] A6 

A2 El 


23] AS 

A3 Ei 


il A4 

(5V)Vcc ii 


13 VSS(OV) 

Outline 40P0K (400mil SOJ) 

(5V)VCC |T 


44] VSS(OV) 

DQl |T 


^ DQl 6 

dq2 |T 


ID DQiS 

dq3 [T 


^ DQ14 

DQ4 [T 


40] DQl 3 

(5V)VCC U 


^ VSS(0V) 

DQS [7 


is] DQl 2 

dq6 [7 


37 ] DQ 1 I 

DQ7 [7 


36] DQIO 

DQ8 El 

w 

3 

is] DQ9 





A 


NC El 

O 

iSj NC 

NC EI 


13 LCAS 

w El 


^ UCAS 

Ras El 


i OE 

NC Ez 


iij A8 

l£J 

o 

< 


13 A7 

At El 


iij A6 

A2 1^ 


^ As 

A3 Hi 


24] A4 

(5V)VCC H 


23] VSS(OV) 

Outline 44P3W-L (400mil TSOP Nomal Bend) 



NC: NO CONNECTION 


M5M44265CJ,TP-5,-5S : under development 
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MITSUBISHI LSIs 

M5M44265CJ,TP-5,-6r7,-5Sr6S,-7S 


EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION _ 

In addition to Hyper page mode, normal read, write and read- of other functions, e.g., RAS-only refresh and delayed-write. The 

modify-write operations the M5M44265CJ, TP provides a number input conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs I 

Input/Output 1 


LCAS 

UMAi 

■^1 

OE 

DQi~DQ8 

DQ9~DQ16 


ACT 

ACT 

NAC 

NAC 

ACT 

Dout 

OPN 

Upper byte read 

ACT 

NAC 

ACT 

NAC 

ACT 

OPN 

Dout 

Word read 

ACT 

ACT 

ACT 

NAC 

ACT 

Dout 

Dout 

Lower byte write 

ACT 

ACT 

NAC 

ACT 

NAC 

Din 

DNC 

Upper byte write 

ACT 

NAC 


ACT 

NAC 

DNC 

DiN 

Word write 

ACT 

ACT 

■iSsifl 

ACT 

NAC 

DiN 

DiN 

RAS only refresh 

ACT 

NAC 

I NAC I 

DNC 

DNC 

OPN 

OPN 

Hidden refresh 

ACT 

ACT 


NAC 

ACT 

Dout 

Dout 


ACT 

ACT 

I ACT I 

DNC 

DNC 

OPN 

OPN 

Self refresh * 

ACT 

ACT 


DNC 

DNC 

OPN 

OPN 

Stand-by 

NAC 

DNC 


DNC 

DNC 

OPN 

OPN 


Note : ACT : active, NAC: nonactive, DNC: don't care, OPN : open 
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MITSUBISHI LSIs 

M5M44265CJ,TP-5,-6r7r5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-1~7 

V 

Vi 

Inputvoltage 

-1 ~7 

V 

Vo 

Output voltage 

-1~7 

V 

1 0 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25‘C 

1000 

mW 

Topr 

Operating temperature 


0~70 

C 

Tstg 

Storage temperature 


-65 ~ 150 

•c 


RECOMMENDED OPERATING CONDITIONS (Ta=0'^70'’C, unless otherwise noted) (Note 1) 

Symbol 

Parameter 

Limits 

Unit 


Min 

Norn 

Max 

Vcc 

Supply voltage 

■Si 


5.5 

V 

Vss 

Supply voltage 

0 

0 


V 

VIH 

High-level input voitage, all inputs ' 

mm 


6.0 

V 

VIL 

Low-levei input voltage, all inputs 



0.8 

V 


Note 1 ; All voltage values are with respect to Vss. 

* * : VlL(min) is -2.0V when pulse width is less than 25ns. (Pulse width is with respect to Vss.) 


ELECTRICAL CHARACTERISTICS (Ta=0~70'’C, Vcc=5V±10%, Vss=0V, unless othenwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits I 

Unit 

■M9 

BB 


VOH 

High-level output voltage 

IOH=-2mA 

BUBgll 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating 0VgVouT^5.5V 

-10 


10 

/^A 

h 

Input current 

0V^in^+ 6.0V, Other inputs pins=0V 

-10 


10 

mA 

ICCI(AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M44265C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



125 

mA 

M5M44265C-6,-6S 



110 

M5M44265C-7,-7S 



95 

|CC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

RAS= CASS Vcc-0.5V 
output open 



1.0 



0.1* 

|CC3(AV) 

Average supply current 
from Vcc, RAS only 
refresh mode 

(Note 3,5) 

M5M44265C-5,-SS 

RAS cycling, CAS=Vih 

tRC=min. 

output open 



125 

mA 

M5M4426SC-6,-6S 



110 

M5M44265C-7,-7S 



95 

ICC4(AV) 

Average supply current 
from Vcc 

Hyper page mode 

(Note 3,4,5) 

M5M44265C-5,-5S 

RAS=VtL, CAS cycling 

tpc=min. 

output open 



125 

mA 

M5M44265C-6,-6S 



110 

M5M44265C-7,-7S 



95 

|CC6(AV) 

Average supply current 
from Vcc 

CAS before RAS refresh 
mode (Note 3,5) 

M5M44265C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



115 

mA 

M5M44265C-6,-6S 



100 

M5M44265C-7,-7S 



85 

ICC8(AV)* 

Average supply current 
from Vcc 

Extended-refresh mode (Note 6) 

RAS cycling CAS ^0.2V or CAS 
before RAS refresh cycling 

RAS^0.2V or SVcc-0.2V 
CAS^0.2Vor SVCC-0.2V 
W^0.2VorSVcc-0.2V 

OE^0.2V or SVCC-0.2V 

Ao~A 8 g 0.2V or SVCC-0.2V 
DQ=open 

tRC=250/<S, tRAS=tRAS min~1 )US 

1 

1 

150 

;/A 

|CC9(AV)* 

Average supply current from Vcc 

Self-refresh mode (Note 6) 

^=^^0.2V 
output open 

■ 

■ 

150 

aA 


Note 2: Current flowing into an IC is positive, out is negative. 

3: ICCI (AV), ICC3 (AV), ICC4 (AV), and iCC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: Icci (AV) and ICC4 (AV) are dependent on output loa ding. Specified values are obtained with the output open. 

5: Column Address can be changed once or less while RAS=V IL and CAS=VIH. 
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MITSUBISHI LSIs 

M5M44265CJ,TP-5,-6r7r5Sr6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~70*C , Vcc=5V±10%, Vss=0V, unless othenwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 



5 

PF 

Cl (CLK) 

Input capacitance, clock inputs 

f=1MHz 



7 

PF 

Cl/0 

Input/Output capacitance, data ports 

Vi=25mVrms 



7 

PI. 


SWITCHING CHARACTERISTICS (Ta=0~70 C, Vcc=5V±10%, Vss=0V, unless othenwise noted, see notes 6,14,15) 





Limits 


Symbol 

Parameter 


M5M4426505,^S 

M5M44265C-6,-6S 

M5M44265C-7,-7S 

Unit 


Min 

Max 

Min 

Max 

Min 

Max 


tCAC 


(Note 7,8) 


13 


15 


20 

ns 

tRAC 


(Note 7,9) 


50 


60 


70 

ns 

tAA 

Columu address access time 

(Note 7,10) 


m 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


KM 


33 


38 

ns 

tOEA 


(Note 7) 


13 


15 


KB 

ns 

tOHC 

Output hold time from CAS 

(Note 13) 

5 


5 


5 


ns 

tOHR 

Output hold time from RAS 

(Note 13) 

5 


5 


5 


ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


5 


ns 

tOEZ 

Output disable time after OE high 

(Note 12) 


13 


15 


20 

ns 

tWEZ 

Output disable time after WE high 

(Note 12) 


13 


15 


20 

ns 

tOFF 

Output disable time after CAS high 

(Note 12,13) 


13 


15 


20 

ns 

tREZ 

Output disable time after RAS high 

(Note 12,13) 


13 


15 


20 

ns 


Note 6: An initial pause of 500 ps is required after power-up followed by a minimum of eight initialization cycles (RAS-only refresh or CAS before RAS refresh 


cycles). _ 

Note the RAS may be cycled during the initial pause. And 8 initialization cycles are required after prolonged periods (greater than 8.2ms) of RAS 
inactivity before proper device operation is achieved. 

7; Measured with a load circuit equivalent to 1TTL and 50pF. 

The reference levels for measuring of output signals are 2.0V(VOH) and 0.8V(VOL). 

8 : Assumes that tRCD^ tRCD(max) and tASC ^ tASC(max) and tCP 2 tCP(tnax). 

9: Assumes that tRCD^ tRCD(max) and tRAD^ tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD^ tRAD(max) and tASC^ tASC(max). 

11: Assumes that tCP^ tCP(max) and tASC & tASC(max). 

12: tOEZ(max), tWEZ(max), tOFF(max) and tREZ(max) defines the time at which the output achieves the high impedance state (I OUT S l±10pA I) and is not 
reference to VOH(nnin) or VO L(max) . _ 

13: Output is disabled after both RAS and CAS go to high. 
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MITSUBISHI LSIs 

M5M44265CJ,TP-5,-6,-7,-58,-68,-73 


EDO (HYPER PAGE MODE) 4194304>B1T (262144>WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 

(Ta=0~70'C, Vcc=5V±10%, Vss=0V, unless otherwise noted, see notes 14,15) 





Limits 


Symbol 

Parameter 


M5M44265C-5,-5S 

M5M44265C-6,-6S 

M5M44265C-7,-7S 

Unit 




w 




■Aim 

BS9 


tREF 

Refresh cycle time 


8.2 


8.2 


8.2 

ms 

tREF 

Refresh cycle time * 


128 


128 


128 

ms 

tRP 

RAS high pulse width 

30 


40 


50 


ns 

tRCD 


(Note 16) 

18 

32 

20 

38 

20 

42 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 





0 


ns 

tCPN 

CAS high pulse width 

8 


10 


13 


ns 

tRAD 

Column address delay time from RAS low 

(Note 17) 

13 

25 

15 


15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 




0 


ns 

tASC 

Column address setup time before CAS low 

(Note 18) 

0 

10 


13 

0 

13 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

8 


IHQH 


10 


ns 

tDZC 

Delay time, data to CAS low 

(Note 19) 

0 


0 


0 


ns 

tDZO 


(Note 19) 

0 


0 


0 


ns 

tRDD 

Delay time, RAS high to data 

(Note 20) 

13 


15 


20 


ns 

tCDD 

Delay time, CAS high to data 

(Note 20) 

13 


15 


20 


ns 

tODD 

Delay time, 0€ high to data 

(Note 20) 

13 


15 


20 


ns 

tr 

Transition time 

(Note 21) 

1 

50 

1 

50 

1 

50 

ns 


Note 14: The timing requirements are assumed tr =2ns. 

15: ViH(min) and ViL(max) are reference leveis for measuring timing of input signals. 

16: tReD(tnax) Is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tAA. 

17: tRAD(max) is specified as a reference point only. If tRAD ^ tRAD(max) and tASC ^ tASC(max), access time is controlled exclusively by tAA. 

18: tASC(max) is specified as a reference point only. If tRCD s tRCD(max) and tASC s tASC(max), access time is controlled exclusively by tCAC. 

19: Either tDZC or tDZO must be satisfied. 

20: Either tRDD or tCDD or tODD must be satisfied. 

21: tr is measured between VlH(min) and VlL(max). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M44265C-5,-5S 

M5M44265C-6,-6S 

M5M44265C-7,-7S 

Min 



■ABM 

Min 


tRC 

Read cycle time 

90 


110 


130 


ns 

tRAS 

RAS low pulse width 

50 


60 

IBWiM 

70 


ns 

tCAS 

CAS low pulse width 

8 

BBfBl 

10 


13 


ns 

tCSH 


40 


48 


55 


ns 

tRSH 


13 


15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tRCH 

Read hold time after CAS high (Note 22) 

0 


0 


0 


ns 

tRRH 

Read hoid time after RAS high (Note 22) 

0 


0 


0 


ns 

tRAL 

Column address to RAS hold time 



KSI 


35 


ns 

tCAL 

Column address to CAS hold time 

13 


18 


23 


ns 

tORH 


13 


15 


20 


ns 

tOCH 


— 


15 


20 


ns 


Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 
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MITSUBISHI LSIs 

M5M44265CJ,TP-5,-6,-7,-58,-6Sr7S 


EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M44265C-5,-5S 

M5M44265C-6,-6S 

M5M44265C-7,-7S 

Min 


Min 


Min 

Max 

two 

Write cycle time 

90 


110 


130 


ns 

tRAS 

RAS low pulse width 

50 


60 

IWiW»l 

70 

ll»!»Mtl 

ns 

tCAS 

CAS low pulse width 

8 


10 

lli!i!»!»l 

13 


ns 

tCSH 


40 


48 


55 


ns 

tRSH 

RAS hold time after CAS low 

13 


15 


20 


ns 

twcs 

Write setup time before CAS low (Note 24) 

0 


0 


0 


ns 

tWCH 


8 


10 


13 


ns 

tCWL 

CAS hold time after W low 

8 


10 


13 


ns 

tRWL 

RAS hold time after W low 

8 


10 


13 


ns 

tWP 

Write pulse width 

8 


10 


13 


ns 

Ids 

Data setup time before CAS low or W low 

0 


0 


0 


ns 

tDH 

.....— 

8 


10 


13 


ns 


Read-Write and Read-Modify-Write Cycles 





Limits 


Symbol 

Parameter 


M5M44265C-5,-5S 

M5M44265C-6,-6S 

M5M44265C-7,-7S 

Unit 








— 



tRWC 

Read write/read modify write cycle time 




133 


161 


ns 

tRAS 

RAS low pulse width 

75 


89 


107 


ns 

tCAS 

CAS low pulse width 

38 


44 


57 

lESSSI 

ns 

tCSH 

CAS hold time after RAS low 

70 


82 


99 


ns 

tRSH 

H af-VI Pt 11 Pi 1 ) 1 

38 


44 


57 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low 

(Note 24) 

28 


32 


42 


ns 

tRWD 


(Note 24) 

65 


77 


92 


ns 

tAWD 

Delay time, address to W low 

(Note 24) 

40 


47 


57 


ns 

tOEH 

OE hold time after W low 

13 


15 


20 


ns 


Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tT. 

24: tWCS, tCWD, tRWD and tAWD and tCPWO are specified as reference points oniy. if twcs^tWCS(min) the cycie Js an eariy write cycie and the DQ pins 
wiii remain high impedance throughout the entire cycle. If tcwo^tcWDfmin), tRWD&tRWD(min), tAWD^tAWDfmin) and tCPWDi tCPWDfmin) 

(for Hyper page mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the selected address. 

If neither of the above condition (delayed write) of the OQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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MITSUBISHI LSIs 

M5M44265CJ,TP-5r6r7r5Sr6Sr7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Cycle 

(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycie, Hi-Z control by OE or^ (Note 25) 




Limits 


M5M44265C-5,-5S |MSM44265C-6,-6S |M5M44265C-7,-7S 


Hyper page mode read/write cycie time (Note 26) 


Hyper page mode read write / read modify write cycie time 


Output hoid time from CAS iow 


RAS low pulse width for read or write cycle (Note 27) 


CAS high pulse width (Note 28) 


RAS hold time after CAS precharge 


Delay time, CAS precharge to W low (Note 24) 


Hold time to maintain the data Hi-Z until CAS access 


OE pulse width (Hi-Z control 


W pulse width (Hi-Z control 


Delay time, CAS low to W low after read 


Delay time. Address to W low after read 


Delay time, CAS precharge to W low after read 


Delay time, CAS low to OE high after read 


Delay time. Address to OE high after read 


Delay time, CAS precharge to OE high after read 



Note 25; All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26; tHPC(min) Is specified in the case of re ad-on ly and early write-only in Hyper page mode. 

27; tRAS(min) Is specified as two cycles of CAS Input are performed. 

28; tCP(max) Is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 29 ) 




■ II II i"l |I|III"IIM 


Limits 


M5M44265C-5,-5S M5M44265C-6,-6S | M5M44265C-7,-7S 


Min 


5 


10 



Note 29; Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 


Self Refresh Cycle * (Note 30 ) 
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M5M44265CJ,TP-5,-6r7r5Sr6S,-7S 


EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Byte Delayed Write Cycle 



(or UCAS) ViL 






(or LCAS) viL - 


DQi~DQ 8 
(or DQ9 ~DQi 6) 
(INPUTS) ViL ■ 


DQi~DQ 8 
(or DQ9 ~DQi6) 
(OUTPUTS) VOL- 


DQ9~DQ16 
(or DQi~DQ 8) 
(INPUTS) ViL - 


DQ 9 -DQ 16 
(or DQi~DQ 8) 
(OUTPUTS) VoL- 
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tHPC tRSH 

-► * - 1 

tCP .1 I tCAS .1 . tCP , ^ tCAS 








wJijiSis 
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MITSUBISHI LSIs 

M5M44265CJ,TP-5r6r7r5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Byte Read Cycle 


RAS 


VlH- 

VlL- 


LCf^ _ ViH ■ 

(orUCAS) viL-' 


UC AS ViH -, 

(or LCAS) ViL - ' 


Ao~A8 


W 


ViH-. 

viL-! 


DQi DQs ' 

(or DQ9 ~DQi 6) ' 
(INPUTS) ViL -; 


DQi ~ DQs voH — 
(or DQ9 ~DQi6) 
(OUTPUTS) VOL- 


DQ9~DQ16 _ 
(orDQi~DQ8) 
(INPUTS) ViL 


DQ9~DQ16 
(or DQi ~ DQs) 
(OUTPUTS) VOL- 


OE 


VlH- 
VlL - 




tCRP 


tASR 


tRAS 


/ 


tCSH 


tRCD 


_ / 


tRAD 


tRAH 


ROW 
ADDRESS 


tASC 


tCAS 


tCAH 


COLUMN-1 


IRCS 


Hi-Z 


Hi-Z 


tDZC 


tCAL 


tCAC 


tAA 


tCLZ 


tRAC 


tozo 



tHPC 




_ / 


tASC 


tCAH 


COLUMN-2 


tDZC 


tCAL 


tCAC 


tAA 


tCLZ 


tCPA 


Hi-Z 


DATA 

VALID-1 


tCP 


tASC 




tRSH 


tCAS 


tCPRH 


tCAH 


COLUMN-3 


Hi-Z 


tRAL 


tCAL 


DATA 

VALID-2 


tRP 


/ 


tCRP 


tRRH 


tASR 


ROW 

ADDRESS 


tRCH 


tREZ 

tOHR 


tCAC 


tAA 


tDOH 


tCPA 




tRDD 



1 


1 

■ 

i 

s 


tOHC 


DATA 

VALID-3 


tOEZ 


I- 


tODD 
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EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY IG-BIT) DYNAMIC RAM 


Hyper Page Mode Read-Write, Read-Modify-Write Cycle 



DQi~DQi6 Vih- 
(INPUTS) viL - 


DQi~DQi6 
(OUTPUTS) VOL- 


OE 


ViH- 

ViL- 
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Hyper Page Mode Mix Cycle (2) 


LCAS/UCAS 

VIL 


ViH- 

oo 

< 

1 

o 

< 

ViL- 


ViH- 

w 

ViL- 

DQi~DQi6 

ViH 

(INPUTS) 

ViL 

DQi~DQi6 

VOH 

(OUTPUTS) VoL 
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M5M44265CJ,TP-5,-6,-7r5Sr6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Read Cycle (Hi-Z control by W) 



LCAS/UCAS 

ViL 


ViH- 

Ao~A8 

ViL 


ViH 

W 

ViL 

DQi~DQi6 

ViH 

(INPUTS) 

ViL 

DQi~DQi6 

VOH 

(OUTPUTS) VoL 



tHPC 

tCP , , tCAS 


tRSH 

4-1 

tCP , tCAS 

















^ vKwJ 
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CAS before RAS Refresh Cycle, Extended Refresh Cycle * 
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Hidden Refresh Cycle (Read) (Note 32) 




Note 32; Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 


A MITSUBISHI 
ELECTRIC 


2-173 







MITSUBISHI LSIS 

M5M44265CJ,TP-5r6r7r5Sr6Sr7S 
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Self Refresh Cycle * (Note 30) 


RAS 

VIL- 

VIH 

LCAS/UCAS 

ViL 


ViH- 

Ao~A8 

ViL 


ViH 

W 

ViL 

DQi~DQi6 

VlH 

(INPUTS) 

VIL 

DQi~DQi6 

VOH 

(OUTPUTS) VoL 



»7i 





III 


























MITSUBISHI LSIs 

M5M44265CJ,TP-5r6r7r5S,-6Sr7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Note 30 : Self refresh sequence 

Two refreshing methods should be us ed properly depending on 
the low pulse width (tRASs) of RAS signal during self refresh 
period. 

1. Distributed refresh during Read/Write operation 
(A) Timing Diagram 


Read / Write Cycle _ ^ Self Retresh Cycle _ Read / Write Cycle 



L tNSO , 

tRASSaiOO/<S j 

L tSND j 








RAS \ j ^ 



r 1 











last first 

refresh cycle . refresh cycle 


Table 2 


Read / Write Cycle 

Read / Write-» 
Self Refresh 

Self Refresh-^ 
Read / Write 

CBR distributed 
refresh 

tNSD^250 pt s 

tSN0^250^S 

RAS only 
distributed refresh 

tNSD^16/<S 

tSND^16/<S 


(B) Definition of distributed refresh 


RAS 


tREF 


tREF/512 


tREF/512 


refresh read/write refresh 

cycle cycles cycle 





refresh read/Write 

cycle cycles 


Definition of CBR distributed refresh 
fIncluding extended refresh) 

The CBR distributed refresh performs more than 512 
constant period (250 >ts max.) CBR cycles within 128 ms. 

Definition of RAS only distributed refresh 

All combinations of nine row address signals (A o~A8 ) are 
selected during 512 constant period (16 // s max.) RAS only 
refresh cycles within 8.2 ms. 

Note: 

Hidden ref resh may be used instead of C BR re fresh. 

RAS/CAS refresh may be used instead of RAS only refresh. 

1.1 CBR distributed refresh 

• Switching from readAivrite operation to self refre sh operation. 
The time interval from the falling edge of RAS signal in the last 
CBR refresh c ycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within tNso (shown in table 2). 


• Switching from self refresh operation to read /write operation. 
The time interval from the rising edge of RAS signal at the 
end of self refresh operation to the falling edge of RAS signal 
in the first CBR refresh cycle during read/write operation 
period should be set within tsNO (shown in table 2). 

1.2 RAS only distributed refresh 

• Switching from read/write operation to self refres h op eration. 
The time interval tNSO from the falling edge of RAS signal In 
the last RAS only refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of self 
refresh operation should be set within 16 a<s. 

• Switching from self refresh operation to read/wri te op eration. 
The time inten/al tsNO from the rising edge of RAS sign al at 
the end of self refresh operation to the falling edge of RAS 
signal in the first CBR refresh cycle during read/write 
operation period should be set within 16 /<s. 
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2. Burst refresh during Read/Write operation 
(A) Timing diagram 



first refresh cycles refresh cycles last 

refresh cycles 511 cycles 511 cycles refresh cycles 


Table 3 


Read / Write Cycle 

Read / Write-* 

Self Refresh 

Self Refresh-* 
Read / Write 

CBR burst 
refresh 

tNSB^ 8.2ms 

tSNB^8.2ms 

RAS only 
burst refresh 

tNSB+tSNB^8.2mS 


(B) Definition of burst refresh 



' 


RAS ^ 




refresh cycles 

512 cycles 

r n 

read/write cycles 

Definition of CBR burst refresh 



The CBR burst refresh performs more than 512 continuous 
CBR cycles within 8.2 ms. 


Definition of RAS oniv burst refresh 

Aii combination of nine row addr ess s ignais (Ao~Aa) are 
seiected during 512 continuous RAS only refresh cycles 
within 8.2'ms. 

2.1 CBR burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNse from the falling edge of RAS signal in 
the first CBR refresh c ycle during read/write operation period 
to the falling edge of RAS signal at the start of self refresh 
operation should be set within 8.2 ms. 

• Switching from self refresh operation to read/writ e op eration. 
The time interval tsNS from the rising edge of RAS sig nal at 
the end of self refresh operation to the falling edge of RAS 
signal in the last CBR refresh cycle during read/write operation 
period should be set within 8.2 ms. 


2.2 RAS only burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal in the 
first RAS only refresh cycle during read/write operation period 
to the falling edge of RAS signal at the start of self refresh 
operation Should be set within t nsb (shown in table 3). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in 
the last RAS only refresh cycle during read/write operation 
period should be set within tSNB (shown in table 3). 
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M5M4V4400TP-6,-7,-8, 

-6S,-7S,-8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


DESCRIPTION 

This is a family of 1048576-word by 4-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is 
ideal for large-capacity memory systems where high speed, 
low power dissipation, and low costs are essential. The use 
of quadruple-layer polysilicon process combined with silicide 
technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
The lower supply (3.3V) operation, due to the optimization 
of transistor structure, provides low power dissipation while 
maintaining high speed operation. Multiplexed address inputs 
permit both a reduction in pins and an increase in system 
densities 

Self or extended refresh current is small enough for battery 
back-up application. 

FEATURES 


PIN CONFIGURATION (TOP VIEW) 


DATA INPUTS/JDQ' 
DATA outputs! [5Q2 
IWRITE CONTROL ^ 
INPUT W 
ROW address ras 
strobe input 

r a9 



ADDRESS. 

INPUTS! 


Vss(OV) 

•^'*1data inputs/ 
DQ3j data outputs 
COLUMN address 
CAS strobe input 

OUTPUT 
ENABLE INPUT 


Outline 26P3Z-E(TSOP) 


Type name 

RAS 
access 
time 
(max. ns) 

CA5 
access 
time 
(max. ns) 

Address 
access 
time 
(max. ns) 

OE 

access 
time 
(max. ns) 

Cycle 

time 

(min. ns) 

Power 
dissipa¬ 
tion 
(typ. mW) 

M5M4V4400TP-6, -6S 


■EM 

HI 

Hi 

■Mil 


M5M4V4400TP-7. -7S 

mm 




BlfcW 


M5M4V4400TP-8, -8S 

ggai 

El 

HI 

El 

HSl 



• Standard 26 pin TSOPCII) 

• Single 3.3 ± 0.3V supply 

• Low stand-by power dissipation 


CMOS input level.1.8mW(max) 

CMOS input level...••■180 uW(max)* 

• Low operating power dissipation 

M5M4V4400TP - 6,- 6S.288.0mW (max) 

M5M4V4400TP - 7,- 7S.- 252.0m W (max) 

M5M4V4400TP- 8,- 8S.216.0mW (max) 

• Self refresh capability* 

Self refresh current.. 120 uA (max) 

• Extended refresh capability* 

Extended refresh current.120 pA (max) 

• Fast-page mode, (1024-bit random access) Read-modify- 
write, RAS-only refresh, CAS before RAS refresh, Hidden 
refresh capabilities 

• Early write operation and OE to control output buffer 
impedance 

• 1024 refresh cycles every 16.4ms (Ao~A9) 

• 1024 refresh cycles every 128ms(Ao-~A9)* 

* Applicable to self refresh version (M5M4V4400TP-6S, 
-7S,-8S : option) only. 

APPLICATION 

Lap top personal computer, Solid state disc. Microcomputer 
memory, Refresh memory for CRT 
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M5M4V4400TP-6,-7,-8r6S,-7S,-8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


FUNCTION 

In addition to normal read, write, and read-modify-write functions, e.g., fast page mode, RAS-only refresh, and delayed 
operations the M5M4V4400TP provides, a number of other -write. The input conditions for each are shown in Table 1. 


Table 1. Input conditions for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

1 

Remark 

R^ 

CAS 


OE 

Row 

address 

Column 

address 

Input 

Output 

Read 

ESI 






ESZI 

DSI 

ns 

Fast page mode 

identical 

Write (Early write) 

WMm 

WMM 


warn 




BSBm 

ns 

Write (Delayed write) 

ESI 

ESI 



ESSI 

WS3iM 


IQE 

B13 

Read - modify - write 

Q3I 


ESI 

■gga 

13231 


MU 

EDSi 

K753i 

RAS-only refresh 

ESI 

IZQSi 



Ey*]l 


BrigM 

■sum 

ns 


Hidden refresh 


ESI 


■gga 


■BJM 

■BajB 


BSSI 


CaS before RAS (Extended*) refresh 






■BJ[— 

BrfgM 

ESI 

ns 


Self refresh* 



B8H»1 




Brig[<B 

ESSI 



Stand-by 






■BgM 


E13!l 

KSI 



Note ; ACT : active, NAC : nonactive, DNC : don’t care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 


BLOCK DIAGRAM 


COLUMN ADDRESS 
STROBE INPUT 
ROW ADDRESS 
STROBE INPUT 




WRITE CONTROL ^ 
INPUT W 


' AO 
A1 
A2 
A3 


ADDRESS INPUTS 


A4 

A5 

A6 


A7 


A8 


A9 
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M5M4V4400TP-6,-7,-8r6S,-7S,-8S 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

- 0.5~4.6 

V 

Vi 

Input voltage 

- 0.5~4.6 

V 

Vo 

Output voltage 

- 0.5~4.6 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta = 25 T) 

1000 

mW 

Topr 

Operating temperature 


0~70 

V 

Tstg 

Storage temperature 


-65~150 

°C 


RECOMMENDED OPERATING CONDITIONS (Ta = 0~70‘C, unless otherwise noted) (Note 1) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Nom 

Max 

Vcc 

Supply voltage 

3.0 

3.3 

3.6 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

ViH 

High-level input voltage, all inputs 

2.0 


kvaaiini 

V 

ViL 

Low-level input voltage, all inputs 

-0.3 


i 0.8 1 

V 


Note 1 : All voltage values are with respect to Vss. 


ELECTRICAL CHARACTERISTICS (Ta = 0~70‘C,Vcc = 3.3 ± 0.3V. Vss = OV, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

1 Limits 

Unit 

1 Min 

Typ 

Max 

VOH 

High-level output voltage 

loH = - 2mA 

El 


Vcc 

V 

VoL 

Low-level output voltage 

loL = 2mA 

0 


0.4 

V 

loz 

Off-state output current 

0 floating OV ^ Vout ^ Vcc 

-5 


5 

uA 

h 

Input current 

OVSVINSVCI+O. 3V Other inputs pins = 0V 

-5 


5 

uA 

ICCl (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M4V4400-6,-6S 

RAS, CAS cycling 
tRc = twc = min. 
output open 



80 

mA 

M5M4V4400-7.-7S 



70 

M5M4V4400-8,-8S 



60 

ICC2(AV) 

Supply current from Vcc,stand-by 

(Note 6) 

RAS = CAS = ViH, output open 



2 

mA 

R^ = CAS ^ Vcc - 0.2V 
output open 



0.5 



ES3I 

ICC3(AV) 

Average supply current 
from Vcc, RAS only 
refreshing (Note 3,5) 

M5M4V4400-6,-6S 

RAS cycling, CAS = Vih 
tRC = min. 
output open 



80 

mA 

M5M4V4400-7,-7S 



70 

M5M4V4400-8,-8S 



60 

ICC4(AV) 

Average supply current 
from Vcc, Fast-Pge- 
Mode (Note 3,4,5) 

M5M4V4400-6,-6S 

RAS = ViL, CAS cycling 
tRC = min. 
output open 



70 

mA 

M5M4V4400-7,-7S 



60 

M5M4V4400-8,-8S 



50 

ICC6(AV) 

Average supply current 
from Vcc, CAS before 
RAS refresh mode 

(Note 3,5) 

M5M4V4400-6,-6S 

CAS before RAS refresh cycling 
tRC = min. 
output open 



70 

mA 

M5M4V4400-7,-7S 



60 

M5M4V4400-8,-8S 



50 

ICC8(AV)* 

Average supply current from Vcc 

Battery back-up (Note 6) 

Stand-by ; 

6 Vcc - 0.2V 

CaS a VCC - 0.2V or Ca5 S 0.2V 
CAS before RAS refresh : 

RaS cycling CaS S 0.2V or 

CAS before RAS refresh cycling 
W S 0.2V or £ VCC - 0.2V 

OE S 0.2V or a VCC - 0.2V 

A0~A9 S 0.2V or S Vcc - 0.2V 

CX3 = open 

tRC= 125 us 

tRAS = tRASmin~1 us 



120 

U A 

ICC9(AV)* 

Average supply current from Vcc, Self 
refresh mode (Note 6) 

R^ = ^ 0.2V 

output open 



120 

U A 


Note 2 : Current flowing into an 1C is positive, out is negative. 

3: ICCl (AV),ICC3(AV)and lCC4(AV)are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4(AV) are dependent on output loadi ng. S pecified val ues are obtained with the output open. 

5 : Column address can be changed once or less while RAS = ViL and CAS = ViH. 
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M5M4V4400TP-6r7,-8r6Sr7S,-8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


CAPACITANCE (Ta = 0~70‘t), Vcc = 3.3 ± 0.3V, Vss = OV, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, address inputs 

Vi = Vss 

f = 1MHz 

Vi = 25mVrms 



5 

PF 

Cl(OE) 

Input capacitance, DE input 



7 

pF 

Cl(W) 

Input capacitance, write control input 



7 

pF 

Ci(Ra5) 

Input capacitance, RAS input 



7 

pF 

Cl (era) 

Input capacitance, CAS input 



7 

pF 

Ci/o 

Input/Output capacitance, data ports 



7 

pF 


SWITCHING CHARACTERISTICS (Ta = 0~70'C, Vcc = 3.3 ± 0.3V, Vss = OV, unless otherwise noted) (Notes 6,13,14) 





Limits 


Symbol 

Parameter 


M5M4V4400-6, -6S 

M5M4V4400-7, -7S 

M5M4V4400-8, -8S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tCAC 

Access time from CAS 

(Note 7,8) 


15 


20 


20 

ns 

tRAC 

Access time from RAS 

(Note 7,9) 


60 


70 


80 

ns 

tAA 

Column Address access time 

(Note 7,10) 


30 


35 


40 

ns 

tCPA 

Access time from CaS pfecharge 

(Note 7,11) 


35 


40 


45 

ns 

tOEA 

Access time from DE 

(Note 7) 


15 


20 


20 

ns 

tCLZ 

Output low impedance time from CaS low (Note 7) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 12) 

0 

15 

0 

20 

0 

20 

ns 

tOEZ 

Output disable time after DE high 

(Note 12) 

0 

15 

0 

20 

0 

20 

ns 


Note 6: An initial pau se o f 500 us is req uired after power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containing a RA S clock such as RAS-Only refresh). __ 

Note that RAS may b e cycled during the initial pause. Any 8 RAS or RAS/CaS cycles are required after prolonged periods (greater 
than 16.4ms) of RAS inactivity before proper device operation is achieved. 

7 : Measured with a load circuit equivalent to lOOpF, VOH = 2.4V (IOH = -2mA) and VOL = 0.4V (lOL = 2mA). 

The reference levels for measuring of output signals are 2.0V (VOH) and 0.8V (VOL). 

8 : Assumes that tRCD £ tRCD(max) and tASCiStASC(max)i 

9 : Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended value shown 

in this table, tRAC will increase by the amount which tRCD or tRAD exceeds the value shown. 

10: Assumes that tRAD 2; tRAD (max) and tASC S tASC (max). 

11 : Assumes that tCP S tcp(max) and tASC S tASC (max). 

12 : tOFF(max)and tOEZ (max) defines the time at which the output achieves the high impedance state (IOUT£ | ± 10 uA | ) and is not 

reference to VOFl(min)or VOL(max). 
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M5M4V4400TP-6,-7,-8,-6S,-7Sr8S 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast Page Cycles) 

(Ta = 0~70'C, Vcc = 3.3 ± 0.3V, Vss = OV, unless otherwise noted) (Notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4400-6, -6S 

M5M4V4400-7,-7S 

M5M4V4400-8, -8S 

Min 

Max 

Min 

Max 

Min 

Max 

tREF 

Refresh cycle time 


16.4 


16.4 


16.4 

ms 

tREF* 

Refresh cycle time 


128 


128 


128 

ms 

tRP 

RAS high pulse width 

40 


50 


60 


ns 

tRCD 

Delay time, RaS IoW to CaS low (Note 15) 

20 

45 

20 

50 

20 

60 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


10 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


10 


ns 

tRAD 

Column address delay time from RAS low (Note 16) 

15 

30 

15 

35 

15 

40 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low (Note 17) 

0 

10 

0 

10 

0 

15 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

15 


15 


15 


ns 

tDZC 

Delay time, data to CAS low (Note 18) 

0 


0 


0 


ns 

tDZO 

Delay time, data to DE low (Note 18) 

0 


0 


0 


ns 

tCDD 

Delay time, CAS high to data (Note 19) 

15 


20 


20 


ns 

tODD 

Delay time, OE high to data (Note 19) 

15 


20 


20 


ns 

tT 

Transition time (Note 20) 

1 

50 

1 

50 

1 

50 

ns 


Note 13: The timing requirements are assumed tT = 5ns. 

14: ViH (min) and VlL(max)are reference levels for measuring timing of input signals. 

15: Operation within the tRCD (max) limit insures that tRAC(max)can be met. tRCD(max)is specified as a reference point only; if tRCD 
is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC or tAA. tRCD (min) is specified as 
tRCD (min) = tRAH (min) + 2tT + tASC (min). 

16: Operation within the tRAD (max) limit insures that tRAC(max)can be met. tRAD(max)is specified as a reference point only; if tRAD 
is greater than specified tRAD (max) limit, then access time is controlled exclusively by tCAC or tAA. 

17: Operation within the tASC (max) limit insures that tRAC(max)can be met. tASC (max) is specified as a reference point only ; if tASC 
is greater than the specified tASC (max) limit and tRCD is greater than the specified tRCD (max) limit, then access time is controlled 
exclusively by tCAC. 

18-.Either tDZC or tDZO must be satisfied. 

19: Either tCDD or tODD must be satisfied. 

20: tT is measured between VlH(min)and ViL(max). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4400-6. -6S 

M5M4V4400-7, -7S 

M5M4V4400-8. -8S 

Min 

Max 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

110 


130 


150 


ns 

tRAS 

RAS low pulse width 

60 

Ifggsgi 

70 


80 


ns 

tCAS 

CAS low pulse width 

15 


20 


20 


ns 

tCSH 

CAS hold time after RAS low 

60 


70 


80 


ns 

tRSH 

RAS hold time after CAS low 

15 


20 


20 


ns 

tRCS 

Read Setup time before CaS low 

0 


0 


0 


ns 

tRCH 

Read hold time after CAS high (Note 21) 

0 


0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 21) 

10 


10 


10 


ns 

tRAL 

Column address to RAS hold time 

30 


35 


40 


ns 

tOCH 

CAS hold time after CE low 

15 


20 


20 


ns 

tORH 

RAS hold time after CE low 

15 


20 


20 


ns 


Note 21 : Either tRCH or tRRH must be satisfied for a read cycle. 
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MITSUBISHI LSIs 

M5M4V4400TP-6,-7,-8r6S,-7Sr8S 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write Cycles) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4400-6. -6S 

M5M4V4400-7, -7S 

M5M4V4400-8. -8S 

Min 

Max 

Min 

Max 

Min 

Max 

two 

Write cycle time 

110 


130 


150 


ns 

tRAS 

RAS low pulse width 

60 

iKMgg 

70 


80 


ns 

tCAS 

CAS low pulse width 

15 


20 


20 


ns 

tCSH 

CA$ hold time after RAS low 

60 


70 


80 


ns 

tRSH 

RAS hold time after CaS low 

15 


20 


20 


ns 

twcs 

Write setup time before CAS low (Note 23) 

0 


0 


0 


ns 

tWCH 

Write hold time after CAS low 

10 


15 


15 


ns 

tCWL 

CaS hold time after W low 

15 


20 


20 


ns 

tRWL 


15 


20 


20 


ns 

tWP 

Write pulse width 

10 


15 


15 


ns 

tDS 

Data setup time before CaS low or W low 

0 


0 


0 


ns 

tDH 

Data hold time after CAS low or W low 

10 


15 


15 


ns 

tOEH 

DE hold time after W low 

15 


20 


20 


ns 


Read-WrIte and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4400-6. -6S 

M5M4V4400-7, -7S 

M5M4V4400-8, -8S 

Min 

Max 

Min 

Max 

Min 

Max 

tRWC 

Read write/read modify write cycle time (Note 22) 

150 


175 


195 


ns 

tRAS 

RAS low pulse width 

95 


115 


125 

lEB 

ns 

tCAS 

CAS low pulse width 

50 


65 

IK»W«1 

65 


ns 

tCSH 

CAS hold time after RAS low 

95 


115 


125 


ns 

tRSH 

RAS hold time after CAS low 

50 


65 


65 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 23) 

35 


40 


40 


ns 

tRWD 

Delay time, RAS low, to W low (Note 23) 

80 


90 


100 


ns 

tAWD 

Delay time, address to W low (Note 23) 

50 


55 


60 


ns 

tCWL 

CAS hold time after W low 

15 


20 


20 


ns 

tRWL 

RAS hold time after W low 

15 


20 


. 20 


ns 

tWP 

Write pulse width 

10 


15 


15 


ns 

tDS 

Data setup time before W low 

0 


0 


0 


hs 

tDH 

Data hold time after W low 

10 


15 


15 


ns 

tOEH 

CE hold time after W low 

15 


20 


20 


ns 


Note 22 : tRWC is specified as tRWC(min) = tRAC(max) + tODD(min) +tRWL(min) + tRP(min) + 4tT. 


23 : twcs, tCWD, tRWD and tAWD and tcPWD are specified as reference points only. If tWCSStwcs(min) the cycle is an early write cycle 
and the DQ pins will remain high impedance throughout the entire cycle. If tcwDStCWD(min),tRWD6tRWD(min), tAWD fe tAWD (min) 
and tCPWDStCPWD(min) (for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will con tain t he data 
read from the selected address. If neither of the above condition (delayed write) of the DQ(at access time and until Ca 5 or DE 
goes back to Vih) is indeterminate. 


3-8 


A MITSUBISHI 
ELECTRIC 







































































































































































































MITSUBISHI LSIs 


M5M4V4400TP-6,-7,-8,-6Sr7S,-8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Fast-Page Mode Cycle (Read, Write, Read-Write, and Read-Mod if y-Write Cycles) (Note 24) 


Symbol 

Parameter 

1 Limits I 

Unit 

IM5M4V4400-6. -6S| 

IM5M4V4400-7. -7S| 

IM5M4V4400-8. -8S| 

Min 

Max 

Min 

Max 

Min 

Max 

tPC 

Fast page mode read/write cycle time 

40 


45 


50 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

75 


95 


100 


ns 

tRAS 

RAS low pulse width for read write cycle (Note 25) 

100 


115 

UiliOggl 

135 


ns 

tCP 

CaS high pulse width (Note 26) 

10 

15 

10 

15 

10 

20 

ns 

tCPRH 

RaS hold time after CAS precharge 

35 


40 


45 


ns 

tCPWD 

Delay time, CAS precharge to W low (Note 23) 

35 


40 


45 


ns 


Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
25: tRAS(min) is specified as two cycles of CAS input are executed. 

26: tcp(max) is specified as a reference point only. , 


CAS before RAS Refresh, Extended Refresh* Cycle (Note 27) 


Symbol 

Parameter 

1 Limits 

Unit 

IM5M4V4400-6. -6Si 

iM5M4V4400-7. -7S| 

IM5M4V4400-8. -8S| 

Min 

Max 

Min 


Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 


15 


15 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 

Read hold time after .RAS low 

10 


15 


mm 


ns 

tCAS 

CAS low pulse width 

25 


30 


I 30 


ns 


Note 27 : Eight or mode CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 


Self Refresh Cycle * 
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M5M4V4400TP-6,-7,-8r6Sr7S,-8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Timing Diagrams (Note 28) 
Read Cycle 



Note 28: 


Indicates the don’t care input. 

VlH(min)SVlNSVlH(max) or ViL(min)SVlNSVlL(max) 


Indicatea the invalid output. 


3-10 


A MITSUBISHI 
ELECTRie 
























MITSUBISHI LSIs 


M5M4V4400TP-6r7r8,-6S,-7S,-8S 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Write Cycle (Early write) 



DQi~DQ4Vo^^ “_ Hi-Z 

(OUTPUTS) VoL- 


DE 
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M5M4V4400TP-6r7r8,-6S,-7S,-8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Write Cycle (Delayed Write) 
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M5M4V4400TP-6,-7r8r6Sr7S,-8S 


FAST PAGE MODE 4194304-BIT(1048576<WORD BY 4-BIT)DYNAMIC RAM 


Read-Write, Read-Modify-Write Cycle 
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FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


RAS-only Refresh Cycle 



DQt~DQ4 ViH - 
(INPUTS) ViL- 



DQi~DQ4^o^ "_ HhZ 

(OUTPUTS) VoL- 
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M5M4V4400TP-6,-7,-8r6Sr7S,-8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


CAS before RAS Refresh Cycle, Extended Refresh Cycle* 






Ao~A9 


W 


DQi~DQ4Vih- 
(INPUTS) ViL- 


DQi~DQ4^oh “ 
(OUTPUTS) VoL 
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MITSUBISHI LSIs 


M5M4V4400TP-6,-7,-8,-68,-78,-88 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 29) 


TO 


VlH- 

VlL- 


TO 


VlH- 

VlL- 


Ao~A9 


VlH- 

VlL- 


W 


ViH - 
VlL- 


Hi-Z 


DATA VALID 


tCDD 




DQi~DQ4 Vih- 
(INPUTS) Vil-B 


DQi~DQ4Voh - 

(OUTPUTS) voL- 


tDZC 


tCAC 


tAA 


tCLZ 


Hi-Z 


tRAC 


tDZO 


tOEA 


OE 



Note 29: Eariy write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle described above. 
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MITSUBISHI LSIs 


M5M4V4400TP-6,-7,-8,-6S,-7S,-8S 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Fast Page Mode Read Cycle 
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MITSUBISHI LSIS 

M5M4V4400TP-6,-7,-8,-6S,-7S,-8S 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Fast Page Mode Write Cycle (Early Write) 



DQi~DQ4^°^ ___ Hi^ 

(OUTPUTS) VoL - 
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MITSUBISHI LSIs 


l\/l5M4V4400TP-6,-7r8,-6Sr7S,-8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Fast Page Mode Write Cycle (Delayed Write) 
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MITSUBISHI LSIs 

M5M4V4400TP-6,-7r8r6S,-7Sr8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Fast Page Mode Read-WrIte, Read-ModIfy-Write Cycle 
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MITSUBISHI LSIs 


M5M4V4400TP-6,-7,-8,-6S,-7Sr8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Self Refresh Cycle* (Note 30 ) 
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MITSUBISHI LSIs 


M5M4V4400TP-6,-7r8,-6S,-7S,-8S 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


Note 30. Self refresh sequence 

Two refreshing methods should be used properly depending 
on the low pulse width (tRASs) of RAS signal during self 
refresh period. 

1. In case of tRASs < 300ms 

1.1 Distributed refresh during Read/Write operation 
(A) Timing diagram 

_ Read/Write _. _ Self Refresh __ Read/Write 



Read/Write 

Read/Write-* 
Self Refresh 

Self Refresh-* 
Read/Write 

CBR distributed 
refresh 

tNSD + tSND ^ 16.4ms 

RAS only 
distributed refresh 

tNSD ^ 16 ps 

tSND ^ 16 ps 


(B) Definition of distributed refresh 


tREF 



tREF/1024 



tREF/1024 

_ 





m 








• 

refresh 

read/write 

refresh 


refresh 

read/write 


cycle 

cycles 

cycle 


cycle 

cycles 


Definition of CBR distributed refresh 

(Including extended refresh) 

The CBR distributed refresh performs more than 
1024 constant period ( 125 ps max) CBR cycles 
within 128ms. 

Definition of RAS only distributed refresh 

All combinations of ten row address signals (Ao~ 
As) are selected during 1024 constant period (16 ps 
max) RAS only refresh cycles within 16.4ms. 

Note ; 

Hidden refresh may be used instead of CBR refresh. 

RAS/CAS refresh may be used instead of RAS only refresh. 

1.1.1 CBR distributed refresh 
• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal 
in the last CBR refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within tNso (shown 
in table 2). 


• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the first CBR refresh cycle during read/ 
write operation period should be set within tSND( shown 
in table 2). 

1.1.2 RAS only distributed refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNSD from the falling edge of RAS signal 
in the last RAS only refresh cycle during read/write 
operation period to the falling edge of RAS signal at the 
start of self refresh operation should be set within 16 ps. 

• Switching from self refresh operation to read/write operation. 
The time interval tSNP from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the first CBR refresh cycle during read 
/write operation period should be set within 16 ps. 
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MITSUBISHI LSIs 


M5M4V4400TP-6,-7r8r6S,-7S,-8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


1.2 Burst refresh during Read/Write operation 
(A) Timing diagram 





refresh cycle 1023 cycles 1023 cycles refresh cycle 


Table 3 


Read/Write 

Read/Writer 
Self Refresh 

Self Refresh-* 
Read/Write 

CBR burst 
refresh 

tNSB ^ 16.4ms 

tsNB ^ 16.4ms 

RAS only burst 
refresh 

tNSB + tsNB ^ 16.4ms 


(B) Definition of burst refresh 


RAS 



Definition of CBR burst refresh 

The CBR burst refresh performs more than 1024 
continuous CBR cycles within 16.4ms. 

Definition of RAS only burst refresh 

All combinations of ten row address signals (Ao~A9) 
are selected during 1024 continuous RAS only 
refresh cycles within 16.4ms. 


1.2.1 CBR burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNSB from the falling edge of RAS signal 
in the first CBR refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within 16.4ms. 

• Switching from self refresh operation to read/write operation. 
The time interval tsNB from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the last CBR refresh cycle during read 
/write operation period should be set within 16.4ms. 


1.2.2 RAS only burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal 
in the first RAS only refresh cycle during read/write 
operation period to the falling edge of RAS signal at the 
start of self refresh operation should be set within tNSB 
(shown in table 3). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the last RAS only refresh cycle during read 
/write operation period should be set within tsNB (shown 
in table 3). 
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MITSUBISHI LSIs 


M5M4V4400TP-6r7,-8r6Sr7S,-8S 


FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 


2. In case of tRASS ^ 300ms 
(A) Timing diagram-A 


Read/Write 


Self Refresh 


Read/Write 


RAS 


tNSD S 16.4ms 




Timing diagram-B 


last 
refresh cycle 


Read/Write 


tRASS i 300ms I I tSNO S 16.4ms 




first 
refresh cylce 


Self Refresh 


Read/Write 


tREF Si 16.4ms 


RA5 





tRASS 2 300ms 


refresh cycles 
1024 cycles 





refresh cycles 
1024 cycles 


Table 4 


Read/Write 

Read/Write-»■ Self Refresh 

Self Refresh^Read/Write 

CBR distributed refresh 

Timing diagram-A 

Timing diagram-A 

RAS only distributed refresh 
CBR burst refresh 

RA$ only burst refresh 

Timing diagram-B 

Timing diagram-B 


(B) Definition of refresh 

The same as 1.1-(B) and 1.2-(B) 

2.1.1 CBR distributed refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNSO from the falling edge of RAS signal 
in the last CBR refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within 16.4ms. 

• Switching from self refresh operation to read/write operation. 
The time interval tsNP from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the first CBR refresh cycle during read 
/write operation period should be set within 16.4ms. 


2.1.2 RAS only distributed, CBR burst, RAS only burst refresh 
• Before and after the self refresh, 1024 refresh cycles 
should be executed within 16.4ms for each refresh 
operation. 
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MITSUBISHI LSIs 


M5M4V4800TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304>BIT (524288-WORD BY 8>BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 524288-word by 8-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is 
ideal for large-capacity memory systems where high speed, 
low power dissipation, and low costs are essential. The use 
of quadruple-layer polysilicon process combined with silicide 
technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
The lower supply (3.3V) operation, due to the optimization 
of transistor structure, provides low power dissipation while 
maintaining high speed operation. Multiplexed address inputs 
permit a reduction in pins and an increase in system density. 


FEATURES 



RA$ 

CaS 

Address 

OE 

Cycle 

Power 

Type name 

access 

access 

access 

access 

time 

dissi- 

time 

time 

time 

time 


pation 


(max.ns) 

(max.ns) 

(max.ns) 

(max.ns) 

(min.ns) 

(typ. ii#0 

M5M4V4800TP-7, -7S 

HI 



ESI 

hieiti 

1E51I 

M5M4V4800TP-8, -8S 


^1 

Ea 



11551 


• Standard 28pin TSOP (H) 

• Single 3.3 ± 0.3V supply 

• Low stand-by power dissipation 

CMOS input level. 2.52mW(max) 

CMOS input level.252uW(max)* 

• Low operating power dissipation 

M5M4V4800TP-7,-7S.252mW(max) 

M5M4V4800TP-8,-8S...216mW(max) 

• Self refresh capability* 

Self refresh current.120 u A (max) 

• Extended refresh capability * 

Extended refresh current.120MA(max) 


• Fast-page mode (512-column random access), Read- 
modify-write, RAS-only refresh, CAS before RAS refresh. 
Hidden refresh capabilities 

• Early write mode and DE to control output buffer 
impedance 

• 1024 refresh cycles every 16.4ms (Ao~A9) 

• 1024 refresh cycles every 128ms (Ao~A9)* 

* : Applicable to self refresh version (M5M4V4800TP 
-7S, -8S : option) only. 

APPLICATION 

Microcomputer memory. Refresh memory for CRT 


PIN CONFIGURATION (TOP VIEW) 


(3.3V)VCC 1 

D 

-- 

m 

1 VSS(OV) 

1 

rDQl ♦♦ 

a 


m 

DOS'! 

1 

DATA INPUTS/ 
DATA OUTPUTS ^ 

DQ2 

DOS ♦♦ 

Q 

B 



♦♦ DQ7 
♦♦ DOS 

[data inputs/ 

r DATA OUTPUTS 

1 

[^DQ4 

B 

s 

(11 

m 

-*-► DOsJ 

' COLUMN ADDRES 

WRITE CONTROL 

NC 

B 

s 



STROBE INPUT 

INPUT 

W-» 

B 

< 

w 

■^OE 

OUTPUT 

ROW ADDRESS 
STROBE INPUT 

ra5-^ 

" A9-» 

B 

» 

e 

Q 

m 

NC 

ENABLE INPUT 

El 

H 

ai 

♦- As 



AO -► 

[Q 

"D 

EE 

A7 


ADDRESS. 
INPUTS 

A1 -► 

m 


m 

♦- As 

ADDRESS 

INPUTS 


A2 -► 



1 

^A5 


^ A3 -*■ 



m 

•^A4 J 


(3.3V)VCC 1 

[Q 


EE 

1 VSS(OV) 


Outline 28P3Y-H MOOmil TSOP\ 

\ Normal Bend / 

NC: NO CONNECTION 
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MITSUBISHI LS Is 


M5M4V4800TP-7,-8,-7Sr8S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


FUNCTION 

In addition to normal read, write, and read-modify-write 
operations the M5M4V4800TP provides a number of other 


functions, e.g., fast page mode, RAS-only refresh, and 
delayed-write. The input conditions for each are shown in 
Table 1. 


Table 1 Input conditions for each mode 



MB w DE 


WriteCEarly write) 


WriteCDelayed write) 


Read-modify-write 


RAS-only refresh 


Hidden refresh 


ACT 1 ACT 


ACT ACT 


ACT ACT 


ACT ACT 


ACT NAC 


ACT ACT 


CAS before RAS (Extended*) refresh! ACT | ACT 


Self refresh* ACT ACT 


Stand-by NAC DNC 


Note ACT : active, NAC : nonactive, DNC : don't care, VLD : valid, 


NAC ACT 


ACT DNC 


ACT DNC 


ACT ACT 


DNC DNC 


DNC ACT 


DNC DNC 


DNC DNC 


DNC DNC 


IVD : Invalid, APD ; 


Row 

address 


APD 


APD 


APD 


APD 


APD 


APD 


DNC 


DNC 


DNC 



Input/Output 

Column--]—-Refresh 

address Output 


APD OPN VLD YES 

APD VLD OPN YES 

APD VLD IVD YES i,*ntial 

APD VLD VLD YES 


DNC DNC OPN YES 


DNC OPN VLD YES 


DNC DNC OPN YES 


DNC DNC OPN YES 


DNC DNC OPN NO 


OPN ; open 
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MITSUBISHI LS Is 

M5M4V4800TP-7,-8,-78,-8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-0.5~4.6 

V 

Vi 

Input voltage 

-0.5~4.6 

V 

Vo 

Output voltage 

- 0.5~4.6 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta = 25*0 

1000 

mW 

Topr 

Operating temperature 


0~70 

°C 

Tstg 

Storage temperature i 


-65-150 



RECOMMENDED OPERATING CONDITIONS (Ta = 0~70‘C, unless otherwise noted) (Note 1) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Nom 

Max 

Vcc 

Supply voltage 

3.0 

3.3 

3.6 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

VlH 

High-level input voltage, all inputs 

2.0 


Vcc+0.3 

V 

ViL 

Low-level input voltage, all inputs 

-0.3 


0.8 

V 


Note 1. All voltage values are with respect to Vss. 


ELECTRICAL CHARACTERISTICS (Ta = 0~70‘C, Vcc = 3.3 ± 0.3V, Vss = 0V, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 


VOH 

High-level output voltage 

loH = - 2mA 

2.4 


■59 

V 

VoL 

Low-level output voltage 

loL = 2mA 

0 


■El 

V 

loz 

Off-state output current 

Q floating OV ^ Vout S Vcc 



5 

UA 

h 

Input current 

OVSVlNSVcc+0.3V, Other inputs pins=0V 

-5 


5 

UA 

ICCl(AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M4V4800-7.-7S 

RAS, CAS cycling 
tRC = twc = min. 
output open 



70 

j^lllQQlll^ 

CO 

00 

co’ 

6 

o 

CO 

> 

lO 



60 

ICC2 

Supply current from Vcc, stand-by 

(Note 6) 




2 


RAS = ^ Vcc - 0.2V 

output open 



0.5 



0^9 

|CC3(AV) 

Average supply current 
from Vcc, RAS only 
refresh mode (Note 3,5) 

M5M4V48(X)-7,-7S 

RAS cycling, CAS = Vih 
tRC = min. 
output open 



70 

mA 

M5M4V4800-8,-8S 



60 

ICC4(AV) 

Average supply current 
from Vcc, Fast-page¬ 
mode (Note 3,4,5) 

M5M4V4800-7,-7S 

RAS = ViL, CAS cycling 
tpc = min. 
output open 



70 

mA 

M5M4V4800-8,-8S 



60 

ICC6(AV) 

Average supply current 
from Vcc, before RAS 

refresh mode (Note 3, 5) 

M5M4V4800-7,-7S 

CAS before RAS refresh cycling 
tRC = min. 
output open 



65 

mA 

M5M4V480a8,-8S 

... J 


55 

ICC8(AV)* 

Average supply current from Vcc, 
Extended refresh mode (Note 6) 

Stand-by: 

RA5^Vcc-0.2V 

Ca5^Vcc- 0.2V or CA5 s0.2V 

CaS before RAS refresh: 

RAS cycling CAS^O. 2V or 

CAS before RAS refresh cycling 
W^0.2V or ^Vcc-0.2V 

0E^0.2V or ^Vcc-0.2V 

Ao~A 9^0. 2V or ^Vcc-0. 2V 

DQ=open 

tRc=125ps 

tRAS=tRASmin—1 US 



120 

uA 

ICC9(AV) * 

Average supply current from Vcc, 

Self refresh mode (Note 6) 

R^ = S 0.2V 

output open 



120 

mA 


Note 2. Current flowing into an 1C is positive, out is negative. 

3. ICCI(AV), ICC3(AV) and ICC4(av) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

4. ICCi(AV) and ICC4(AV) are dependent on output loadi ng. S pecified val ues a re obtained with the output open. 

5. Column Address can be changed once or less while RAS = ViL and CAS = ViH. 
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MITSUBISHI LSIs 


M5M4V4800TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304^BIT (S24288-WORD BY 8-BIT) DYNAMIC RAM 


CAPACITANCE (Ta = 0~70‘C, Vcc = 3.3 ± 0.3V, Vss = OV, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl(A) 

Input capacitance.address inputs 

Vi = Vss 

f=1MH2 

Vi = 25mVrms 



6 

pF 

Ci(d0 

Input capacitance,^ input 



7 

pF 

Ci(W) 

Input capacitance.write control input 



7 

pF 

Cl(RAS) 

Input capacitance.RAS input 



7 

pF 

CkCaS) 

Input capacitance.CAS input 



7 

pF 

Cl/0 

Input/Output capacitance, data ports 



10 

pF 


SWITCHING CHARACTERISTICS (Ta = 0~70X). Vcc = 3.3 ± 0.3V. Vss = 0V. unless otherwise noted, See notes 6. 13. 14) 





Limits 


Symbol 

Parameter 


M5M4V4800-7. -7S 

M5M4V4800-8. -8S 

Unit 




Ulfil 


IBIBB 

12^11 


tCAC 

Access time from CAS 

(Note 7, 8) 


El 


El 

ns 

tRAC 

Access time from RAS 

(Note 7, 9) 


mm 



ns 

tAA 

Column Address access time 

(Note 7. 10) 


El 


iE| 

ns 

tCPA 

Access time from CaS precharge 

(Note 7. 11) 


mm 


IIESi 

ns 

tOEA 

Access time from DE 

(Note 7) 


mm 


El 

ns 

tCLZ 

Output low impedance time frohn CaS low 

(Note 7) 

EH 


lEI 


ns 

tOFF 

Output disable time after CAS high 

(Note 12) 

0 

mm 

0 

El 

ns 

tOEZ 

Output disable time after DE high 

(Note 12) 

IQIII 

El 

0 

El 

ns 


Note 6: An ir^itial pa use o f 500 us is req uired after power-up followed by a minimum of eight initialization cyclesCany combination of cycles 
containing a RA S clock such as RA$-only refresh.) _ __ 

Note that RAS m ay be cycled during the initial pause. Any 8 RA5 or RAS/CaS cycles are required after prolonged periods(greater 
than 16.4ms) of RAS inactivity before proper device operation is achieved. 

7 : Measured with a load circuit equivalent to TOOpF, Voh = 2.4V(Ioh = - 2mA) and VOL = 0.4V(lOL = 2mA). The reference levels for 

measuring of output signals are 2.0 V(Voh) and 0.8 V(Vol). 

8 : Assumes that tRCD ^ tRCD(max) and tASC iS; tASC(max). 

9: Assumes that tRCD £ tRCD(max) and tRAD £ tRAD(max). If either tRCD or tRAD is greater than the maximum recommended value shown 
in this table. tRAC will increase by the amount which tRCD or tRAD exceeds the value shown. 

10: Assumes that tRAD S tRAD(max) and tASC ^ tASC(max). 

11 : Assumes that tCPStCP(max) and tASC £ tASC(max). 

12:toFF(max) and tOEZ(max) define the time at which the output achieves the high impedance state (I0UT:£ I ±5|iA|) and is not 
reference to VOH(min) or VOL(nnax). 
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MITSUBISHI LSIs 


M5M4V4800TP-7,-8r7S,-8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast Page Cycles) 

(Ta = 0~70°C. Vcc = 3.3 ± 0.3V, Vss = OV, unless otherwise noted. See notes 13, 14) 





Limits 


Symbol 

Parameter 


M5M4V4800-7. -7S 

M5M4V4800-8. -8S 

Unit 




im 



12^9 


tREF 

Refresh cycle time 


nsgi 



ms 

tREF 

Refresh cycle time* 


Mm 


Mm 

ms 

tRP 

RAS high pulse width 

EEI 


HI 


ns 

tRCD 

Delay time. RaS low to CaS low 

(Note 15) 

1^ 

HI 

HI 

HI 

ns 

tCRP 

Delay time, CAS high to RAS low 

■El 


10 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

CaS high pulse width 

HI 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 16) 

mm 

H3 

15 

HI 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


ns 

tASC 

Column address setup time before CA$ low 

(Note 17) 

0 

HI 

0 

mm 

ns 

tRAH 

Row address hold time after RAS low 

HI 


10 


ns 

tCAH 

Column address hold time after CAS low 

mm 


15 


ns 

tDZC 

Delay time, data to CAS low 

(Note 18) 

0 


0 


ns 

tDZO 

Delay time, data to DE low 

(Note 18) 

0 


0 


ns 

tCDD 

Delay time, CAS high to data 

(Note 19) 

El 


20 


ns 

tODD 

Delay time, CE high to data 

(Note 19) 

El 


20 


ns 

tT 

Transition time 

(Note 20) 

'1 

■^1 

1 


ns 


Note 13 : The timing requirements are assumed tT = 5ns. 

14; VlH(min) and VlL(max) are reference levels for measuring timing of input signals. 

15: Operation within the tRCD(max) limit insures that tRAC(rt)ax) can be met. tRCD(max) is specified as a reference point only ; if tRCD 
is greater than the specified tRCD(max) limit, then access time is controlled exclusively by tCAC or tAA. tRCD(min) is specified as 
tRCD(min) = tRAH(min) + 2tT + tASC(min). 

16 : Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a reference point only; if tRAD 
is greater than the specified tRAD(max) limit, then access time is controlled exclusively by tCAC or tAA. 

17: Operation within the tASC(max) limit insures that tRAC(max) can be met. tASC(max) is specified as a reference point only; if tASC 
is greater than the specified tASC(max) limit and tRCD is greater than the specified tRCD(max) limit, then access time is controlled 
exclusively by tCAC. 

18: Either tozc or tOZO must be satisfied. 

19: Either tCDD or tODD must be satisfied. 

20 : tT is measured between ViH(min) and ViL(max). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4800-7. -7S 

M5M4V4800-8. -8S 

1221 




tRC 

Read cycle time 

130 


BEBB 


ns 

tRAS 

RAS low pulse width 

70 

EEH 

80 

10000 

ns 

tCAS 

CAS low pulse width 

HI 


HI 


ns 

tCSH 

CAS hold time after RAS low 

HI 


HI 


ns 

tRSH 

RAS hold time after CaS low 



HI 


.ns 

tRCS 

Read setup time before CaS low 

0 


0 


ns 

tRCH 

Read hold time after CAS high (Note 21) 

0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 21) 

mm 


10 


ns 

tRAL 

Column address to RaS hold time 



Ha 


ns 

tOCH 

CaS hold time after OE low 



IHI 


ns 

tORH 

RAS hold time after OE low 

HI 


mm 


ns 


Note 21 : Either tRCH or tRRH must be satisfied for a read cycle. 
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MITSUBISHI LSIs 


M5M4V4800TP-7,.8,-7Sr8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 





Limits 1 


Symbol 

Parameter 


M5M4V4800-7, -7S | 

M5M4V4800-8. -8S| 

Unit 







12^9 


two 

Write cycle time 

mftxm 


150 1 

in 

ns 

tRAS 

RA$ low pulse width 

HI 


HSI 

ii»i 

ns 

tCAS 

(3A$ low pulse width 



Hil 


ns 

tCSH 

CAS hold time after RAS low 

HI 


M3SM 


ns 

tRSH 

RAS hold time after CaS low 

WEB 


mm 


ns 

twcs 

Write setup time before CA$ low 

(Note 23)1 

loj 


1 0 i 


ns 

tWCH 

Write hold tihne after CAS low 

■a 


■a 


ns 

tCWL 

CAS hold time after W low 



mam 


ns 

tRWL 

RAS hold time after W low 

Ksl 


Hsl 


ns 

tWP 

Write pulse width 

HI 


l^^^l 


ns 

tDS 

Data setup time before CAS low or W low 

1 0 


1 0 


ns 

tDH 

Data hold time after CAS low or W low 

■a 


■a 


ns 

tOEH 

OE hold time after W low 



WEB 


ns 


Read-WrIte and Read-Mod ify-Write Cycles 





Limits 


Symbol 

Parameter 


M5M4V4800-7, -7S 

M5M4V4800-8, -8S 

Unit 




921311 

9SI^9 

9SQ9 



■ tRWC 

Read write/read modify write cycle time 

(Note 22) 

9^9 


9E9I 


ns 

tRAS 

RAS low pulse width 

9iEi 


9H 


ns 

tCAS 

CAS low pulse width 



i^i 

II>Wt!l 

ns 

tCSH 

CAS hold time after RAS low 

9119 


9^9 


ns 

tRSH 

RA$ hold time after CAS low 



91^1 

99H 

ns 

tRCS 

Read setup time before CaS low 

HI 


0 


ns 

tCWD 

Delay time, CAS low to W low 

(Note 23) 

MSB 


WEB 


ns 

tRWD 

Delay time, RAS low to W low 

(Note 23) 

HI 


100 


ns 

tAWD 

Delay time, address to W low 

(Note 23) 

9^9 


MAM 


ns 

tCWL 

CAS hold time after W low 



wmM 


ns 

tRWL 

RAS hold time after W low 

beb 




ns 

tWP 

Write pulse width 

. 15 


15 


ns 

tDS 

Data setup time before W low 

0 


0 


ns 

tDH 

Data hold time after W low 

15 


15 


ns 

tOEH 

DE hold time after W low 





ns 


Note 22 : tRWC is specified as tRWC(min) = tRAC(max) + tODD(min) + tRWL(ntiin) + tRP(nnin) + 4tT 

23 : twcs, tCWD, tRWD and tAWD and tcPWD are specified as reference points only. If twcs ^ twcs(min) the cycle is an early write cycle 
and the DQ pins will remain high impedance throughout the entire cycle. If tCWD S tCWD(min), tRWD S tRWD(min), tAWD S tAWD(min) 
and tCPWD S tCPWD(min) (for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will cont ain t he data 
read from the selected address. If neither of the above condition (delayed write) of the DQ (at access time and until CAS or QE 
goes back to Vih) is indeterminate. 


Fast-Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 





Limits 1 


Symbol 

Parameter 


M5M4V4800-7, -7S 

1 M5M4V4800-8, -8S| 

Unit 





12^9 


12^1 


tPC 

Fast page mode read/write cycle time 

msm 


91^1 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 



■MtM 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note 25) 

115 


135 


ns 

tCP 

CAS high pulse width 

(Note 26) 

10 

15 

10 

HI 

ns 

tCPRH 

RAS hold time after CAS precharge 

HI 


45 


ns 

tCPWD 

Delay time, CAS precharge to W low 

(Note 23) 

HI 


9H 


ns 


Note 24 : All previously specified timing requireme nts a nd switching characteristics are applicable to their respective fast page mode cycle. 
25 : tRAS(min) is specified as two cycles of CAS input are performed. 

26: tcp(max) is specified as a reference point only. 
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MITSUBISHI LSIs 


M5M4V4800TP-7r8,-7Sr8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


CAS before RAS Refresh, Extended Refresh Cycle * (Note 27) 


Symbol 

Parameter 

Limits 

Unit 

1 M5M4V4800-7. -7S j 

1 M5M4V4800-8. -8S | 





tCSR 

CaS setup time before RAS low 

mm 


wmm 


ns 

tCHR 

CAS hold time after RAS low 

mm 


mm 


ns 

tCAS 

CAS low pulse width 

Mssm 


■cT»M 


ns 


Note 27; Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 


mode. 


Self Refresh Cycle* 
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M5M4V4800TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Timing Diagrams (Note 28) 
Read Cycle 



Note 28 


Indicates the don’t care input 

VlH(min) ^ ViN £ VlH(max) or VlL(min) £ ViN $ VlL(max) 



Indicates the invalid output 


Only tASR and tRAH are specified for As input. 
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M5M4V4800TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Write Cycle (Early Write) 



DQi-DQsVoh- Hi-Z 

(OUTPUTS) VOL - ^ ^ 
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M5M4V4800TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Write Cycle (Delayed Write) 
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M5M4V4800TP-7,-8,-78,-8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Read-Write, Read-Mod ify-WrIte Cycle 
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M5M4V4800TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


RAS-only Refresh Cycle 



DQi~DQ8 Vih 
(INPUTS) ViL 



DQi~DQ8 
(OUTPUTS) VOL - 
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M5M4V4800TP-7,-8,-7Sr8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle, Extended Refresh Cycle * 




CAS 


Ao~A9 
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M5M4V4800TP-7,-8,-7Sr8S 

FAST PAGE MODE 4194304-BIT (524288^WORD BY 8-BIT) DYNAMIC RAM 
Hidden Refresh Cycle (Read) (Note 29) 


DQi~DQ8 Vih 
(INPUTS) ViL 


DQi~DQ8 
(OUTPUTS) VOL 



Note 29. Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle described above. 
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M5M4V4800TP-7,-8r7Sr8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Fast Page Mode Read Cycle 
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M5M4V4800TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304-BIT <524288-WORD BY 8-BIT) DYNAMIC RAM 


Fast Page Mode Write Cycle (Early Write) 



DQi~DQ8 
(OUTPUTS) VOL - 
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M5M4V4800TP-7r8r7Sr8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Fast Page Mode Write Cycle (Delayed Write) 
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M5M4V4800TP-7,-8r7S,-8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 
Fast Page Mode Read-Write, Read-Modify-Write Cycle 
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M5M4V4800TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Self Refresh Cycle* (Note 30) 
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IVI5M4V4800TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Note 30. Self refresh sequence 

Two refreshing methods should be used properly depending 
on the low pulse width (tRAss) of f^S signal during self 
refresh period. 

1. In case of tRASS < 300ms 


1.1 Distributed refresh during Read/Write operation 
(A) Timing diagram 

Read/Write 


Self Refresh 


Read/Write 


RA5 


tNSD 




tRASS < SOOms 


tSND 




last 
refresh cycle 


first 

refresh cycle 


Table 2 


Read/Write 

Read/Write-* 
Self Refresh 

Self Refresh^ 
Read/Write 

CBR distributed 
refresh 

tNSD + tSND ^ 16.4ms 

RAS only 
distributed refresh 

tNSD ^ 16 MS 

tSND ^ 16 MS 


(B) Definition of distributed refresh 


tREF 


tREF/1024 


tREF/1024 


RAS 


refresh 

cycle 





Definition of GBR distributed refresh 

(Including extended refresh) 

The CBR distributed refresh performs more than 
1024 constant period (125us max) CBR cycles 
within 128ms. 

Definition of f^AS only distributed refresh 

All combinations of ten row address signals (Ao~ 
As) are selected during 1024 constant period ( 16 ms 
max) RAS only refresh cycles within 16.4ms. 

Note : 

Hidden refresh may be used instead of CBR refresh. 

RAS/CAS refresh may be used instead of RAS only refresh, 

1.1.1 CBR distributed refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal in 
the last CBR refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within tNSO (shown 
in table 2). 


• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the first CBR refresh cycle during read/ 
write operation period should be set within tSND (shown 
in table 2). 

1.1.2 RAS only distributed refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNso from the falling edge of RaS 
signal in the last RAS only refresh cycle during read/ 
write operation period to the falling edge of RAS signal 
at the start of self refresh operation should be set within 
16 ms. 

• Switching from self refresh operation to read/write operation. 
The time interval tsNO from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of HaS signal in the first CBR refresh cycle during read 
/write operation period should be set within 16 ms. 
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M5M4V4800TP-7,-8,-78,-8S 

FAST PAGE MODE 4194304>BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


1.2 Burst refresh during Read/Write operation 
(A) Timing diagram 


RA5 


Read/Write 


.Self Refresh 




Read/Write 


, tNSB 

1 

tRASS< 300ms 

1 

, tSNB , 







s 

!■ 




wH 


liiM 






first refresh cycles 
refresh cycle 1023 cycles 


refresh cycles last 

1023 cycles refresh cycle 


Table 3 


Read/Write 

Read/Write 

Self Refresh 

Self Refresh^ 
Read/Write 

CBR burst 
refresh 

tNSB + tsNB ^ 16.4ms 

RAS only burst 
refresh 

tNSB + tSNB ^ 16.4ms 


(B) Definition of burst refresh 


RA5 


16.4ms 




\j\r\r 

\j\j ■' vy\y 


refresh cycles 
1024 cycles 


read/write cycles 


Definition of CBR burst refresh 

The CBR burst refresh performs more than 1024 
continuous CBR cycles within 16.4 ms. 

Definition of RA$ only burst refresh 

All combinations of ten row address signals (Ao~ 
As) are selected during 1024 continuous RAS only 
refresh cycles within 16.4ms. 

1.2.1 CBR burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RA$ signal in 
the first CBR refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within tNSB (shown 
in table 3). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the last CBR refresh cycle during read/ 
write operation period should be set within tsNB (shown 
in table 3). 


1.2.2 RAS only burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal in 
the first RAS only refresh cycle during read/write 
operation period to the falling edge of RAS signal at 
the start of self refresh operation should be set within 
tNSB (shown in table 3). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the last RAS only refresh cycle during 
read/write operation period should be set within tsNB 
(shown in table 3). 
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FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


2. In case of tRASs ^ 300ms 
(A) Timing diagram-A 


RA§ 



last first 

refresh cycle refresh cycle 


Timing diagram-B 


Read/Write 


Self Refresh 

-H--H- 


Read/Write 


tREF ^ 16.4rris , , tRASS ^ 300ms 


tREF £ 16.4ms 


RAS 





refresh cycles 
1024 cycles 


refresh cycles 
1024 cycles 


Table 4 


Read/Write 

Read/Write->Self Refresh 

Seif Refresh-^Read/Write 

CBR distributed refresh 

Timing diagram-A 

Timing diagram-A 

RAS only distributed refresh 
CBR burst refresh 

RAS only burst refresh 

Timing diagram-B 

Timing diagram-B 


(B) Definition of refresh 

The same as 1.T(B) and 1.2-(B) 


2.1.1 CBR distributed refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNSD from the falling edge of RAS 
signal in the last CBR refresh cycle during read/write 
operation period to the falling edge of RAS signal at the 
start of self refresh operation should be set within 16. 
4ms. 

• Switching from self refresh operation to read/write operation. 
The time interval tsNP from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the first CBR refresh cycle during read 
/write operation period should be set within 16.4ms. 


2.1.2 RAS only distributed, CBR burst, RAS only burst refresh 
• Before and after the self refresh, 1024 refresh cycles 
should be executed within 16.4ms for each refresh 
operation. 




3-46 


A MITSUBISHI 
ELECTRIC 





MITSUBISHI LSIS 

oei M5M4V4800CTP-6,-7,-6S,-7S 

so t'* fast page mode 4194304-bit (524288-WORD BY 8-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 524288-word by 8-bit dynamic RAMs, fabricated 
with the high performance CMOS process, and is ideal for large- 
capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer metalization process technology and a 
single-transistor dynamic storage stacked capacitor cell provide 
high circuit density at reduced costs. The lower supply (3.3V) 
operation, due to the optimization of transistor structure, provides 
low power dissipation while maintaining high speed operation. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self or extended refresh current is 
low enough for battery back-up application. 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 
access 
time 
(max. ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycie 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

[typ.mW] 

M5M4V4800CTP-6,-6S 

■B 

mrm 





MSM4V4800CTP-7,-7S 

WEM 

E9 



■ESI 

■5!»l' 


•Standard 28pin TSOP (II) 

•Single 3.3V ±0.3V supply 
•Low stand-by power dissipation 

CMOS Input level — -.-.-.5.5mW (Max) 

CMOS Input level.—.--550 // W (Max) * 

•Operating power dissipation 

M5M4V4800CTP-6,-6S---270mW (Max) 

M5M4V4800CTP-7,-7S.234mW (Max) 

•Self refresh capability ♦ 

Self refresh current--ICX) A(Max) 

•Extended refresh capability 

Extended refresh current.-.100 A(Max) 

• Fast page mode(1 02^ column rando m access),Read-modify-write, 
RAS-only refresh, CaS before RAS refresh. Hidden refresh 
capabilities. ' 

•Early-write mode, CaS and UE to control output buffer impedance 
• 1024 refresh cycles every 16.4ms (Ao ~A9) 

•1024 refresh cycles every 128nns (Ao ~A9) • 

*; Applicable to self refresh version {M5M4V4800CTP-6S, -7S 
:option) only 


PIN CONFIGURATION (TOP VIEW) 


(5V)VCC U 


HI VSS(OV) 

DQl U 


27] DOS 

DQ2 [T 


m DQ7 

DOS [£ 


aH DOS 

DQ4 [i 


^ DQS 

NC E 

§ 

s 

H CAg 

W E 

4k 

< 

22] OE 

RAS [8 

oo 

m NC 

A9 [7 

o 

O 

H AS 

o 

< 

H 

T3 

ig] A7 

At [TT 


il AS 

a 2 m 


iZl AS 

As g3 


iH A4 

(5V)VCC E 


iH VSS(OV) 

Outline 28P3Y-H(400mil TSOP Normal Bend) 



NC.NO CONNECTION 


APPLICATION 

Microcomputer memory. Refresh memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

Ao~A9 

Address inputs 

DQi~DQ8 

Data inputs/outputs 


Row address strobe input 

CAS 

Column address strobe input 

W 

Write control input 

OE 

Output enable input 

Vcc 

Power supply (+3.3V) 

Vss 

Ground (OV) 
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M5M4V4800CTP-6,-7,-68,-78 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


FUNCTION 

In addition to normal read, write, and read-modify-write operations fast page mode, RAS-only refresh, and delayed-write. The input 
the M5M4V4800CTP provides a number of other functions, e.g., conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

Remark 

RAS 

KZiSdi 

Hi 

OE 



Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Fast page 

Write (Early write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 

identical 

Read-modify-write 

ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

RAS only refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

DNC 

ACT 

DNC 

DNC 

OPN 

VLD 

YES 


CAS before RAS (Extended*) refresh 

ACT 

ACT 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Self refresh* 

ACT 

ACT 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note : ACT: active, NAC : nonactive, DNC; don’t care, VLD : valid, IVD : invalid, APD : applied, OPN : open 


BLOCK DIAGRAM 



3-48 


A MITSUBISHI 
ELECTRIC 
























































































































MITSUBISHI LSIS 

M5M4V4800CTP-6r7,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


1 Symbol 

Parameter 

Conditions 

Ratings 

Unit 


Supply voltage 

With respect to Vss 

-0.5 ~ 4.6 

V 

Vi 

Input voltage 

-0.5 ~ 4.6 

V 

Vo 


-0.5 ~ 4.6 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25*c 

1000 

mW 

Topr 

Operating temperature 


0~70 

“C 


Storage temperature 


-65-150 

“C 


P change. 

some parametr 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70”C, unless otherwise noted) (Notei) 


Symbol 

Parameter 

Limits 

Unit 

— 



Vcc 

Supply voltage 

3.0 

3.3 

3.6 

V 

Vss 


0 

0 

0 

V 

VIH 

High-level input voltage, all inputs 

2.0 



V 

VIL 

Low-level input voltage, all inputs 

-0.3 


0.8 

V 


Note 1: All voltage values are with respect to Vss. 


ELECTRICAL CHARACTERISTICS (Ta=0~70'’C, Vcc=3.3±0.3V, Vss=OV, unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

1 Limits 1 

Unit 

Min 1 

B9 


VOH 

High-level output voltage 

IOH=-2mA 

mam 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating, OV ^ V out ^ Vcc 

-5 


5 

mA 

11 

Input current 

OVS VIN ^VCC+0.3V, Other inputs pins=0V 

-5 


5 

aA 

Icci (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M4V4800C-6,-6S 

RAS, CAS cycling 
tRC=twc=min. 
output open 


1 

75 

mA 

M5M4V4800C-7,-7S 



65 

ICC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

RAS=CAS^Vcc- 0.2V 
output open 






0.1* 

|CC3 (AV) 

Average supply current 
from Vcc, RAS only 
refresh mode (Note 3,5) 

M5M4V4800C-6,-6S 

RAS cycling, CAS= Vih 

tRC=min. 

output open 



75 

mA 

M5M4V4800C-7,-7S 



65 

ICC4(AV) 

Average supply current 
from Vcc, Fast Page 

Mode (Note 3,4,5) 

M5M4V4800C>e,-6S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



75 

mA 

M5M4V4800C-7,'7S 



65 

ICC6(AV) 

Average supply current 
from Vcc, CAS before RAS 
refresh mode (Note 3,5) 

M5M4V4800C-6,'6S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



65 

mA 

M5M4V4800C-7,>7S 



55 

ICC8(AV)* 

Average supply current from V cc, 
Extended-Refresh mode (Note 6) 

RAS cycling CAS ^0.2V or CAS 
before RAS refresh cycling 

RAS^0.2V or ^Vcc-0.2V 

CAS^0.2V or ^Vcc-0.2V 

W^0.2V or ^Vcc-0.2V 

OE^0.2V or ^Vcc-0.2V 

Ao~A 9^0.2V or ^Vcc-0.2V, DQ=open 
tRC=125 fi s, tRAS=tRAsmin~1 ^ s 

1 

1 

100 

aA 

|CC9(AV)* 

Average supply current from V cc, 

Self-Refresh mode (Note 6) 

^=CAS^0.2V 
output open 



100 



Note 2; Current flowing into an 1C is positive, out is negative. 

3: ICC 1 (AV), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: loci (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

5: Column address can be changed once or less while RAS=V IL and CAS=VIH 
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M5M4V4800CTP-6,-7,-6Sr7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~70“C, Vcc=3.3±0.3\/, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

KSH 

Max 

Cl (A) 

Inout caDacitance. address inouts 

VnVss 



5 

PF 

Cl (CLK) 

Input capacitance, clock inputs 

f=1MHz 



7 

PF 

Cl/O 

Input/Output capacitance, data ports 

Vi=25mVrms 



7 

pF 


SWITCHING CHARACTERISTICS (Ta=0~70'’C, Vcc = 3.3±0.3V, Vss=0V, unless othenvise noted, see notes 6,13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4800C-«,-6S 

M5M4V4800C-7,-7S 

Min 

Max 

Min 

Max 

tCAC 




15 


20 

ns 


Access time from RAS 

(Note 7,9) 


60 


70 

ns 

tAA 

Column address access time 

(Note 7,10) 


IKSH 


35 

ns 

tCPA 

Access time from CAS precharae 

(Note 7,11) 


35 


40 

ns 

tOEA 

Access time from OE 



15 


20 

ns 

tCLZ 

Output low impedance time from CaS low 

(Note 7) 

5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 12) 


15 


20 

ns 

tOEZ 




15 


20 

ns 


Note 6:An initial pause of 500 s is required after power-up followed by a minimum of eight initialization cycles (RAS- only refresh or CAS before RAS refresh 

cycles). _ 

Note the RAS may be cycled during the initial pause. And 8 Initialization cycles are required after prolonged periods (greater than 16.4ms) of RAS 
inactivity before proper device operation is achieved. 

7:Measured with a load circuit equivalent to lOOpF, VOH(IOH=-2mA) and VCX(lOL=2mA). The reference levels for measuring of output signals are 2.0V 
(VOH) and 0.8V(VOL). 

8:Assumes that tRCD^tRCD(max) and tASC^tASC(max). 

9:Assumes that tRCD^tRCDfmax) and tRAO^tRAD(max). If tRCD or tRAO Is greater than the maximum recommended value shown in this table, tRAC will 
Increase by amount that tRCD exceeds the value shown. 

10:Assumesthat tRAD^ tRAD(max) and tASC;gtASC(max). 

11 :Assumes that tCPStCP(max) and tASC^tASC(max). 

12:tOFF(max), tOEZ(tnax) defines the time at which the output achieves the high impedance state (I OUT^ |±10/« A |) and is not reference to VOH(min) or 
VOL(max). 
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M5M4V4800CTP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Mod if y-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta=0 ~70"C , Vcc = 3.3±0.3V, Vss=0V, unless othenwise noted, see notes 6,13,14) 





Limits 


Symbol 

Parameter 


M5M4V4S00C-6,-6S 

M5M4V48(X)C-7,-7S 

Unit 




Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


16.4 


16.4 

ms 

tREF 

Refresh cycle time* 


128 


128 

ms 

tRP 


40 


50 


ns 

tRCD 

Delay time, RAS iow to CAS low 

(Note 15) 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


ns 

tRAO 

Column address delay time from RAS low 

(Note 16) 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 17) 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


ns 

tCAH 

Column address hold time after CAS low 

15 


15 


ns 

tDZC 

Delay time, data to CAS low 

(Note 18) 

0 


0 


ns 

tDZO 

Delay time, data to OE'low 

(Note 18) 

0 


0 


ns 

tCDD 

Delay time, CAS high to data 

(Note 19) 

15 


20 


ns 

tODD 

Delay time, OE high to data 

(Note 19) 

15 


20 


ns 

tT 

Transition time 

(Note 20) 

1 

50 

1 

50 

ns 


Note 13: The timing requirements are assumed tr=5ns. 

14: VlH(min) and VlL(max) are reference leveis for measuring timing of input signais. 

15: tRCD(max) is specified as a reference point only. If tRcO is less than tRCO(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tAA. 

16: tRAO(inax) Is specified as a reference point only. If tRAD^tRAD(max) and tASC^tASC(max), access time is controlled exclusively by tAA. 

17: tASC(inax) is specified as a reference point only. If tRCD^tRCO(max) and tASC^tASC(max), access time is controlled exclusively by tCAC. 

18: Either tDZC or tozo must be satisfied. 

19: Either tCDD or tODD must be satisfied. 

20: tT is measured between VlH(min) and VlLfmax). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4800C-6,-6S 

M5M4V4800C-7,-7S 

Min 

0^9 



tRC 


■im 


■ESI 


ns 

tRAS 


60 


WEM 


ns 

tCAS 

CAS low Dulse width 

15 


lEil 


ns 

tCSH 


60 


mm 


ns 

tRSH 

RAS hold time after CAS low 

15 


^mm 


ns 

tRCS 

Read Setup time before CAS low 

0 


0 


ns 

tRCH 

Read hold time after CAS high (Note 21) 

0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 21) 

0 


0 


ns 

tRAL 

Column address to RAS hold time 

30 


35 


ns 

tOCH 


15 


20 


ns 

tORH 


15 




ns 


Note 21: Either tRCH or tRRH must be satisfied for a read cycle. 
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MITSUBISHI LSIs 

M5M4V4800CTP-6r7r6S,-7S 

l-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4800C-6,-6S 

M5M4V4800C-7,-7S 



miM 


two 

Write cycle time 

BE! 

_ 

■ESI 

_ 

ns 

tRAS 

RAS low pulse width 

60 


70 


ns 

tCAS 

CAS low pulse width 

15 

KTiTiTBl 

20 


ns 

tCSH 

CAS hold time after RAS low 

60 


70 


ns 

tRSH 

RAS hold time after CAS low 

■a 


1^9 


ns 

twcs 

Write setup time before CAS low (Note 23) 

0 


0 


ns 

tWCH 




15 


ns 

tCWL 


■a 


IBS 


ns 

tRWL 

RAS hold time after W low 

15 


20 


ns 

tWP 

Write Dulse width 

10 


15 


ns 

Ids 

Data setup time before CAS low or W low 

0 


0 


ns 

tDH 

Data hold time after CAS low or W low 

10 


imm 


ns 

tOEH 

OE hold time after W low 

wtm 


■ESI 


ns 


Read-Write and Read-Modify-Write Cycles 





Limits 


Symbol 

Parameter 


MSM4V4800C-6,-6S 

M5M4V4800O7,-7S 

Unit 




Min 

Max 

Min 

Max 


tRWC 

Read write/read modify write cycle time 

(Note 22) 

mnsm 




ns 

tRAS 

RAS low pulse width 

100 


120 


ns 

tCAS 


55 


70 

tnnKifil 

ns 

tCSH 


mm 


■91 


ns 

tRSH 




70 


ns 

tRCS 

Read setup time before CAS low 

^■Ql 




ns 

tCWD 

Delay time, CAS low to W low 

(Note 23) 

35 


45 


ns 

tRWD 

Delay time, RAS low to W low 

(Note 23) 

HI 


95 


ns 

tAWD 

Delay time, address to W low 

(Note 23) 

50 


60 


ns 

tCWL 


15 


20 


ns 

tRWL 

RAS hold time after W low 

15 


20 


ns 

tWP 

Write pulse width 

10 


15 


ns 

tDS 

Data setuD time before CAS low or W low 

0 


0 


ns 

tDH 

Data hold time after CAS low or ViTlow 

10 


15 


ns 

tOEH 

OE hold time after W low 

wm 

' 

20 


ns 


Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(tnin)+tRP(min)44tT. 

23: tWCS, tCWD, tRWD and tAWD and, tCPWD are specified as reference points only. If tWCS^tWCS(min) the cycle is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tCWDStcWDfmin), tRV\fDStRWD(min), tAWDStAWD(min) and tCPWD^tCPWD(min) (for fast page 
mode cycle only), the cycle Is a read-modify-write cycle and the D Q will contain the data read from the selected address. If neither of the above 
condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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M5M4V4800CTP-6,-7,-6S,-7S 


FAST PAGE MODE 4194304-BIT (S24288-WORD BY S-BIT) DYNAMIC RAM 


Fast Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 


Symbol 

Parameter 

Limits 1 

Unit 

MSM4V4800C-6,-6S | 

M5M4V4S00C-7,-7S { 

Min 

Max 

Min 

Max 

tPC 

Fast page mode read/write cycle time 

40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycie time 

80 


95 


ns 

tRAS 

RAS low pulse width for read or write cycle (Note 25) 

100 

n»Ti!r<Tii 

115 


ns 

tCP 

CAS high pulse width (Note 26) 

10 

15 

10 

15 

ns 

tCPRH 

RAS hold time after CAS precharge 



40 


ns 

tCPWD 

Delay time, CAS precharae to W low (Note 23) 

1 55 1 


65 


ns 


Note 24: All previously specified timing requirer fients and switching characteristics are appiicable to their respective Fast page mode cycie. 
25: tRAS(min) is specified as two cycles of CAS input are performed. 

26: tCP(max) Is specified as a reference point only. 


CAS before RAS Refresh Cycle, Extended Refresh Cycle * (Note 27) 




Limits 1 


Symbol 

Parameter 

M5M4V4800C-6,-6S | 

M5M4V4M0C-7,-7S | 

Unit 



Min 

Max 

Min 

Max 


tCSR 

CAS setup time before RAS low 

5 


5 


ns 

tCHR 

CAS hold time after RAS low 

10 


15 


ns 

tCAS 

CAS low pulse width 

26 


^1 


ns 


Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycies are necessary for proper operation of CAS before RAS refresh mode. 


Self Refresh Cycle* (Note 28 ) 
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M5M4V4800CTP-6,-7,-6Sr7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 



3-54 


A MITSUBISHI 
ELECTRIC 




MITSUBISHI LSIs 




Notif-®' ^ g,rio 
Somo pas a®®® 


M5M4V4800CTP-6r7,-6Sr7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 
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FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 
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M5M4V4800CTP-6r7,-6S,-7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 
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FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle, Extended Refresh Cycle * 
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FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 30) 



A 


MITSUBISHI 

ELECTRIC 















MITSUBISHI LSIs 


1 «nw.w<c Vimrts arc 


M5M4V4800CTP-6,-7,-6S,-7S 


FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 
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M5M4V4800CTP-6r7r6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Fast Page Mode Write Cycle (Early Write) 


RAS 


CAS 


Ao~A9 


W 


D.Qi~DQ8 

(INPUTS) 


VlH- 

VlL- 


tRAS 




tCRP, 

-4- 


tCSH 


tPC 


tRCD 


tCAS 


tCP 


tCAS 


tCP 


tRP 


.tRSH 


tCAS 


Is,_ / 



DQi~DQ8 Voh- Hi-Z 

(OUTPUTS) yoL- 
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FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 
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Self Refresh Cycle (Note 28 ) 



DQi~DQ8 

(INPUTS) 


DQi~DQ8 

(OUTPUTS) 


OE 
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M5M4V4800CTP-6,-7,-6S,-7S 

MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


Note 28;Selt refresh sequence 

Two refreshing methods should be used properly depending on the 
low pulse width(tRASs) of RAS signal during self refresh period. 


pREt 






TVv« ’ 








FAST PA( 


1. Distributed refresh during ReadA/Vrite operation 



refresh cycle refresh cycle 


Table 2 


Read/Write Cycle 

Read/Write-^ 

Self Refresh 

Self Refresh^ 
ReadA/Vrite 

CBR distributed 
refresh 

tNSD^125//S 

tSND^125/iS 

RAS only 
distributed refresh 

tNSD^16/US 

tSND^16/US 


(B) Definition of distributed refresh 


tREF/1024 


RAS 



tREF 


tREF/1024 





Definition of CBR distributed refresh 
fincludina extended refresh) 

The CBR distributed refresh performs more than 1024 
constant period (125 //s max.) CBR cycles within 128ms. 
Definition of RAS only distributed refresh 

All combinations of nine row address signals (Ao~A9) are 
selected during 1024 constant period (16 /as max.) RAS 
only refresh cycles within 16.4ms. 

Note: 

Hidden refresh may be used instead of CBR refresh. 

RAS/CAS refresh may be used instead of RAS only refresh. 

1.1 CBR distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time inten/al from the faliing edge of RAS signal in the last 
CBR refresh cycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within tNSO (shown in table 2). 


• Switching from self refresh operation to read/write operation. 

The time interval from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in the 
first CBR refresh cycle during read/write operation period should 
be set within tsNO (shown in table 2) 

1.2 RAS only distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interval tNSO from the falling edge of RAS signal in the 
last RAS only refresh cycle during read/write operation period to 
the falling edge of RAS signal at the start of self refresh 
operation should be set within 16 /« s. 

• Switching from self refresh operation to read/write operation. 

The time interval tsNO from the rising edge of RAS signal at the 
end of self refresh operation to the falling edge of RAS signal in 
the first CBR refresh cycle during read/write operation period 
should be set within 16 /u s. 
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M5M4V4800CTP-6,-7r6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 


2. Burst refresh during Read/Write operation 



refresh 1 023 cycles 1023 cycles refresh 

cycles cycles 


Table 3 


Read/Write Cycle 

Read/Write-*- 
Self Refresh 

Self Refresh^ 
Read/Write 

CBR burst 
refresh 

tNSB^16.4nns 

tSNB^ 16.4ms 

RAS only 
burst refresh 

tNSB+tsNB^ 16.4ms 


(B) Definition of burst refresh 


RAS 


16.4ms 


'^vf\r\ru^ 




refresh cycles 
1024 cycles 


read/write cycles 


Definition of GBR burst refresh 

The CBR burst refresh performs more than 1024 continuous 
CBR cycles within 16.4ms. 

Definition of RAS only burst refresh 

All combination of nine row address signals (A o~A9) are 
selected during 1024 continuous RAS only refresh cycles 
within 16.4ms. 

2.1 CBR burst refresh 

• Switching from read/write operation to self refresh operation. 

The time interval tNSB from the falling edge of RAS signal in the 
first CBR refresh cycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within 16.4ms. 

• Switching from self refresh operation to read/write operation. 

The time interval tsNB from the rising edge of RAS signal at the 
end of self refresh operation to the falling edge of RAS signal in 
the last CBR refresh cycle during read/write operation period 
should be set within 16.4ms. 


2.2 RAS only burst refresh 

• Switching from read/write operation to self refresh operation. 
The time inten/al from the falling edge of RAS signal in the first 
RAS only refresh cycle during read/write operation period to 
the falling edge of RAS signal at the start of self refresh 
operation should be set within tNSB (shown in table 3). 

• Switching from self refresh operation to read / write operation. 
The time interval from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in the 
last RAS only refresh cycle during read/write operation period 
should be set within tSNB (shown in table 3). 
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M5M4V4260TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 262144-word by 16-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is 
ideal for large-capacity memory systems where high speed, 
low power dissipation, and low costs are essental. The use 
of quadruple-layer polysilicon process combined with silicide 
technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
The lower supply (3.3V) operation, due to the optimization 
of transistor structure, provides low power dissipation while 
maintaining high speed operation. Multiplexed address inputs 
permit a reduction in pins and an increase in system density. 

This device has 2CAS and 1W terminals with a refresh 
cycle of 512 cycles every 8.2ms. 

FEATURES 


• Standard 44pin TSOP (H) 

• Single 3.3 ± 0.3V supply 

• Low stand-by power dissipation 


CMOS input level.2.52mW(max) 

CMOS input level. 252uW(max)* 

• Operating power dissipation 

M5M4V4260TP-7. -IS .396mW(max) 

M5M4V4260TP-8, -8S.342mW(max) 

• Self refresh capability* 

Self refresh current.120uA(max) 

• Extended refresh capability * 

Extended refresh current .120uA(max) 


• Fast-page mode (512-column random access), Read-modify- 
write, RAS-only refresh, CaS before RAS refresh. Hidden 
refresh capabilities 

• Early write mode, LCAS/ UCAS and OE to control output 
buffer impedance 

• 512 refresh cycles every 8.2ms (Ao~A8) 

• 512 refresh cycles every 128ms (Ao~A8)* 

• Byte or Word control for Read/Write operation 
(2CAS. 1W type) 

* ; Applicable to self refresh version (M5M4V4260TP-7S. 
-8S : option) only. 

APPLICATION 

Microcomputer memory. Refresh memory for CRT 



RAS 

CAS 

Address 

DE 

Cycle 

Power 

Type name 

access 

access 

access 

access 

time 

dissi- 

time 

time 

time 

time 


pation 


(max-ns) 

(max.ns) 

(max.ns) 

(max.ns) 

(min.ns) 

(typ/nW) 

M5M4V4260TP-7,-7S 

mm 




■ESI 


M5M4V4260TP-8.-8S 



KSI 





PIN CONFIGURATION (TOP VIEW) 

(3.3V)VCC 
r DQl<«> 

DATA INPUTS/ I DQ2<«- 
DATA OUTPUTS I DQ3>«- 
I DQ4**’ 

(3.3V)VCC 

I DQS** 

DQ6-«- 

DQ7-M- 
DQ8-»> 


NC 

NC 

WRITE CONTROL ^ 
INPUT 

ROW ADDRESS MS-*- 
STROBE INPUT 

NC 

1 A0-* 
A^-* 
A2-* 
A3-*- 
(3.3V)VCC 


Outline 44P3W-L(400mil TSOP Normal Bend) 

NC: NO CONNECTION 




in 

m 

1 

m 

m 

m 

1 

Ho 

m 


P Vss(OV) 
♦*- DQ16 
♦♦ DQ15 
ini'** DQ14 
♦♦ DQ13 
VSS(OV) 
♦*- DQ12 ' 
♦♦DQll da 
DQ io DA 
** DQg 


LOWER BYTE CONTROL 
_ COLUMN ADDRESS 

■ LCAS'STROBE INPUT 

_ UPPER BYTE CONTROL 

■ UCAS COLUMN ADDRESS 
STROBE INPUT 
OUTPUT ENABLE 

sINPUT 


NC 


-DE 


■ A8 

■ A7 

■ A6 
• A5 


ADDRESS 

’inputs 


- A4 
VSS(OV) 
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M5M4V4260TP-7r8r7S,-8S 


FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION 

In addition to normal read, write, and read ^modify-write 
operations the M5M4V4260TP provides a number of other 


functions, e.g., fast page mode, RAS-only refresh, and 
delayed-write. The input conditions for each are shown in 
Table 1. 


Table 1 Input conditions for each mode 


Operation 




Lower byte read 


Upper byte read 


Word read 


Lower byte write 


Upper byte write 


Word write 


RAS only refresh 


Hidden refresh 


CAS before RAS (Extended ) refres 


Self refresh 


Stand-by 


Note : ACT : active, NAC : nonactive, DNC : don’t care, OPN : open 


E&3ESH!Q3I^S9IZE3 

mssmMmmwssmmsimMmm 

KBiaKBiareiiaKmsBBmii 


Input/Output 1 

DQi~D08 

DQ9~DQi6 

Dout 

OPN 

OPN 

Dout 

Dout 

Dout 

Din 

DNC 

DNC 

Din 

Din 

Din 

, OPN 

OPN 

Dout 

Dout 

OPN 

OPN 

OPN 

OPN 

OPN 

OPN 
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M5M4V4260TP-7r8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-0.5~4.6 

V 

Vi 

Input voltage 

- 0.5~4.6 

V 

Vo 

Output voltage 

- 0.5~4.6 

V 

to 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta = 25‘X) 

1000 

mW 

Topr 

Operating temperature 


0~70 

V 

Tstg 

Storage temperature 


-65-150 

V 


RECOMMENDED OPERATING CONDITIONS (Ta = 0~70‘C. unless otherwise noted) (Note 1) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Nom 

Max 

Vcc 

Supply voltage 

3.0 

3.3 

3.6 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

Vih 

High-level input voltage, all inputs 

2.0 



V 

ViL 

Low-level input voltage, all inputs 

-0.3 



V 


Note 1. All voltage values are with respect to VSS. 


ELECTRICAL CHARACTERISTICS (Ta = 0~70‘C, Vcc = 3.3 ± 0.3V. Vss = 0V. unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

Min 

Typ 

Max 

VOH 

High-level output voltage 

loH = - 2mA 

2.4 


Vcc 

V 

VoL 

Low-level output voltage 

loL = 2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating, OV ^ Vout ^ Vcc 

-5 


5 

UA 

li 

Input current 

0^Vin^Vcc+ 0.3V, Other inputs pins=0V 

-5 


5 

uA 

ICCl(AV) 

Average supply current 
from Vcc. operating 

(Note 3, 4, 5) 

M5M4V4260-7,-7S 

RAS, CAS cycling, 
tRC = twc = min. 
output open 



120 

mA 

M5M4V426a8,-8S 



100 

Icc2(av) 

Supply current from Vcc, stand-by 

(Note 6) 

RAS = CAS = Vih, output open 



2 

mA 

R^ = Ca 5 ^ Vcc - 0.2V 
output open 



0.5 



KSSi 

ICC3(AV) 

Average supply current 
from Vcc, RAS only 
refresh mode (Note 3,5) 

M5M4V4260-7,-7S 

RAS cycling, CAS = Vih 
tRC = min. 
output open 



110 

mA 

M5M4V4260-8,-8S 



95 

ICC4(AV) 

Average supply current 
from Vcc, Fast-page¬ 
mode (Note 3, 4, 5) 

M5M4V4260-7,-7S 

RAS = ViL, CAS cycling 
tpc = min. 
output open 



110 

mA 

M5M4V4260-8,-8S 



95 

ICC6(AV) 

Average supply current 
from Vcc, before RAS 

refresh mode (Note 3, 5) 

M5IVI4V4260-7.-7S 

CAS before RAS refresh cycling 
tRC = min. 

output open , 



110 

mA 

M5M4V4260-8,-8S 



95 

ICC8(AV) * 

Average supply current from Vcc, 
Extended refresh mode (Note 6) 

Stand-by: 

RA5^Vcc-0.2V 

Ca5^Vcc- 0.2V or Ca5^0.2V 

Ca 5 before Ri^ refresh: 

RAS cycling Ca 5^0.2V or 

CAS before RAS refresh cycling 
W^0.2V or ^Vcc-0.2V 

DE^0.2V or ^Vcc-0.2V 

Ao-A 9^0.2V or ^Vcc-0.2V 

0Q=open 

tRC=125us 

tRAS=tRAS(i)in—1 US 



120 

pA 

ICC9(AV) * 

Average supply current from Vcc, 

Self refresh mode (Note 6) 

R^ = CAS g 0.2V 
output open 



120 

uA 


Note 2 : Current flowing into a 1C is positive, out is negative. 

3 : lcci(AV)x lcc3(AV)x and ICC4(AV) are dependent on cycle rate. Maximun current is measured at the fastest cycle rate. 
4: lcci(AV) and Icc4(av) are dependent on output loadi ng. S pecified v alues are obtained with the output open. 

5 : Column Address can be changed once or less while RAS = ViL and CAS = Vih 
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M5M4V4260TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


CAPACITANCE (Ta = 0~70°C, Vcc = 3.3 ± 0.3V, Vss = OV, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl(A) 

Input capacitance, address inputs 





6 

pF 

Ci(5E) 

Input capacitance, DE input 

Vi = Vss 
f = IMHz 

Vi = 25mVrms 




7 

PF 

Ci(w) 

Input capacitance, write control input 




7 

pF 

Ci(RaS) 

Input capacitance, RA$ input 




7 

pF 

Ci(5a5) 

Input capacitance, CAS input 




7 

pF 

Ci/o 

Input/Output capacitance, data ports 





10 

pF 

SWITCHING CHARACTERISTICS (Ta = 0~70'C. Vcc = 3.3 ± 0.3V. Vss = OV, unless otherwise noted. See notes 

cd 

CD 




Limits 


Symbol 

Parameter 


M5M4V4260-7.-7S 

M5M4V4260-8.-8S 

Unit 




Min 

mmm 

Min 

Max 


tCAC 

Access time from CaS 

(Note 7, 8) 


WFm 


20 

ns 

tRAC 

Access time from RAS 

(Note 7. 9) 


70 


80 

ns 

tAA 

Column address access time 

(Note 7. 10) 


35 


40 

ns 

tCPA 

Access time from CA$ precharge 

(Note 7, 11) 


40 


45 

ns 

tOEA 

Access time from OE 

(Note 7) 


20 


20 

ns 

tCLZ 

Output low impedance time from CaS low (Note 7) 

5 


5 


ns 

tOFF 

Output disable time after CA^ high 

(Note 12) 

0 

20 

0 

20 

ns 

tOEZ 

Output disable time after OE high 

(Note 12) 

0 

20 

0 

20 

ns 


Note 6: An initial pau se o f 500 us is req uired after power-up followed by a minimun of eight initialization cyclesCany combination of cycles 
containing a RA S clock such as RAS-only refresh.) 

Note that RAS may be cycled during the initial pause. Any 8 RAS or RAS/CaS cycles are required after prolonged periods(greater 
than 8.2ms)of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to 10OpF, Voh = 2.4V(IOH = - 2mA) >ind VOL = 0.4V (lOL = 2mA). The reference levels for 
measuring of output signals are 2.0 V(Voh) and 0.8V (VOL). 

8 : Assumes that tRCD ^ tpCD(max) and tASC 2 tASC(nnax). 

9: Assumes that tRCD ^ tRCD(max) and tRAD S tRAD(max). If either tRCD or tRAD is greater than the maximum recommended value shown 
in this table. tRAC will increase by the amount which tRCD or tRAD exceeds the value shown. 

10: Assumes that tRAD S tRAD(max) and tASC S tASC(max). 

1 1 : Assumes that tCP £ tCP(nnax) and tASC £; tASC(max). 

12: tOFF(max) and tOEZ(nnax) define the time at which the output achieves the high impedance state (lOUT ^ I ±5uA|) and is not 
reference to VOH(min) or VOL(max). 
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M5M4V4260TP-7r8r7Sr8S 

FAST PAGE MODE 4194304>BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-ModIfy-Write, Refresh, and Fast Page Cycles) 

(Ta = 0~70‘C, Vcc = 3.3 ± 0.3V, Vss = 0V, unless otherwise noted. See notes 6,13,14) 






Limits 


Symbol 

Parameter 



M5M4V4260-7,-7S 

M5M4V4260-8,-8S 

Unit 





Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


8.2 


8.2 

ms 

tREF 

Refresh cycle time * 


128 


128 

ms 

tRP 

RAS high pulse width 

50 


60 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 

15) 

20 

50 

20 

60 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


ns 


Delay time, RAS high to CAS low 

0 


0 


ns 


CAS high pulse width 

10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 

16) 

15 

35 

15 

40 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 

17) 

0 

10 

0 

15 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


ns 

tCAH 

Column address hold time after CaS low 

15 




ns 

tDZC 

Delay time, data to CAS low 

(Note 

18) 

0 


0 


ns 

', tDZO 

Delay time, data to DE low 

(Note 

18) 

0 


0 


ns 

tCDD 

Delay time, CAS high to data 

(Note 

19) 

20 


20 


ns 

tODD 

Delay time, OE high to data 

(Note 

19) 

20 


20 


ns 

tT 

Transition time 

(Note 

20) 

1 

50 

1 

50 

ns 


Note 13 : The timing requirements are assumed tT = 5ns. 

14: VlH(min) and ViL(max)are reference levels for measuring timing of input signals. 

15 : Operation within the ti^CD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a reference point only; if tRCD 
is greater than the specified tRCD(max) limit, then access time is controlled exclusively by tCAC or tAA. tRCD(min) is specified as 
tRCD(min) = tRAHfmin) + 2tT + tASC(min). 

16: Operation within the tRAD(max) limit insures that tRAC (max) can be met. tRAD(max) is specified as a reference point only; if tRAD 
is greater than specified tRAD(max) limit, then access time is controlled exclusively by tCAC or tAA. 

17: Operation within the tASC(max) limit insures that tRAC (max) can be met. tASC(max) is specified as a reference point only; if tASC 
is greater than the specified tASC(max) limit and tRCD is greater than the specified tRCD(max) limit, then access time is controlled 
exclusively by tCAC. 

1 8 : Either tozc or tOZO must be satisfied. 

19 : Either tCDD or tODD must be satisfied. 

20 : tT is measured between ViH(min) and VlL(max). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4260-7,-7S 

M5M4V4260-8.-8S 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

130 


150 


ns 

tRAS 

RAS low pulse width 

70 

IBMAl 

80 


ns 

tCAS 

CAS low pulse width 

20 


20 

ng»!ga 

ns 

tCSH 

CAS hold time after RAS low 

70 


80 


ns 

tRSH 

RAS hold time after CAS low 

20 


20 


ns 


Read setup time before CAS low 

0 


0 


ns 


Read hold time after CAS high (Note 21) 

0 


0 


ns 


Read hold time after RAS high (Note 21) 

10 


10 


ns 

tRAL 

Column address to RA$ hold time 

35 


40 


ns 

tOCH 

CAS hold time after OE low 

20 


20 


ns 

tORH 

RAS hold time after OE low 

20 


20 


ns 


Note 21 : Either tRCH or tRRH must be satisfied for a read cycle. 
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M5M4V4260TP-7,-8r7Sr8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4260-7,-7S 

M5M4V4260-8.-8S 

Min 

Max 

Min 

Max 

two 

Write cycle time 

130 


150 


ns 

tRAS 

RAS low pulse width 

70 


80 


ns 

tCAS 

CAS low pulse widt +1 

20 


20 

II»T>T»T>1 

ns 

tCSH 

CAS hold time after RAS low 

70 


80 


ns 

tRSH 

RAS hold time after CAS low 

20 


20 


ns 

twcs 

Write setup time before CaS low (Note 23) 

0 


0 


ns 

tWCH 

Write hold time after CAS low 

15 


15 


ns 

tCWL 

CaS hold time after W low 

20 


20 


ns 

tRWL 

RAS hold time after W low 

20 


20 


ns 

tWP 

Write pulse width 

15 


15 


ns 

tDS 

Data setup time before CAS low or W low 

0 


0 


ns 

tDH 

Data hold time after CAS low or W low 

15 


15 


ns 

tOEH 

OE hold time after W low 

20 


20 


ns 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4260-7.-7S 

M5M4V4260-8,-8S 

Min 

Max 

Min 

Max 

tRWC 

Read write/ read modify write cycle time (Note 22) 

175 


195 

... 

ns 

tRAS 

RAS low pulse width 

115 


125 


ns 

tCAS 

CAS low pulse width 

65 


65 


ns 

tCSH 

CAS hold time after RAS low 

115 


125 


ns 

tRSH 

RAS hold time after CAS low 

65 


65 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tCWD 

Delay time. CAS low to W low (Note 23) 

40 


40 


ns 

tRWD 

Delay time. RAS low to W low (Note 23) 

90 


100 


ns 

tAWD 

Delay time, address to W low (Note 23) 

55 


60 


ns 

tCWL 

CAS hold time after W low 

20 


20 


ns 

tRWL 

RAS hold time after W low 

20 


20 


ns 

twp 

Write pulse width 

15 




ns 

tDS 

Data setup time before W low 

0 


0 • 


ns 

tDH 

Data hold time after W low 



15 


ns 

tOEH 

CE hold time after W low 

20 


20 


ns 


Note 22 : tRWC is specified as tRWC(min) = tRAC(max) + tODD(min) + tRWL(min) + tRP(min) + 4tT 

23: twcs, tcWD. tRWD and tAWD and tCPWD are specified as reference points only. If twcs ^ twcs(min) the cycle is an early write cycle 

and the DQ pins will remain high impedance throughout the entire cycle. If tcWD tcwD(min), tRWD fe tRWD(min), tAWD a tAWD(min) 
and tCPWD a tCPWD(min) (for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will conta in th e d ata 

read from the selected address. If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE 

goes back to ViH) is indeterminate. 


Fast-Page Mode Cycle (Read, Early Write, Read-Write, Read-Mod if y-Write Cycle) (Note 24) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4260-7,-7S 

M5M4V4260-8,-8S 

Min 

Max 

Min 


tPC 

Fast page mode read/write cycle time 

45 


50 


ns 

tPRWC 

Fast page mode read write/ read modify write cycle time 

95 


100 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note 25) 

115 

USISMS 

135 


ns 

tCP 

CAS high pulse width 

(Note 26) 

10 

15 

10 

20 

ns 

tCPRH 

RAS hold time after CAS precharge 

40 


45 


ns 

tCPWD 

Delay time, CAS precharge to W low 

(Note 2^ 

40 


45 


ns 


Note 24: All previously specified timing requireme nts a nd switching characteristics are applicable to their respective fast page mode cycle. 
25 : tRAS(min) is specified as two cycles of CAS input are performed. 

26; tCP(max) is specified as a reference point only. 
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lVI5M4V4260TP-7r8r7S,-8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


CAS before RAS Refresh, Extended Refresh Cycle (Note 27) 


Symbol 

Parameter 

Limits 1 

Unit 

|M5M4V4260-7,-7S| 

IM5M4V4260-8.-8SI 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


ns 

tCHR 

CaS hold time after RAS low 

15 


15 


ns 

tCAS 

CAS low pulse width 

30 


30 


ns 


Note 27: Eioht or more CAS before RaS cycles instead of eight RAS cycles are necessary for proper operation of CaS before RaS refresh 
mode. 


Self Refresh Cycle * 
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M5M4V4260TP-7,-8r7S,-8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Timing Diagrams (Note 28) 
Read Cycle 




Indicates the don’t care input. 

VlH(min) S ViN S VlH(max) or VlL(min) S ViNS VlL(max) 



Indicates the invalid output. 
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Byte Read Cycle 




(or LO^) 


(or UC^) 


Ao~A8 


W 



DQi~DQ8 vih 
(orDQ9~DQi6) 
(INPUTS) ViL 


DQi~DQ8 voh — 
(orDQ9~DQi6) 
(OUTPUTS)^0‘- - 


DQ9~DQi6 Vih 
(orDQi~DQ8) 
(INPUTS) ViL 


DQ9~DQi6 Voh — 
(orDQi ~DQ8) 

(OUTPUTS)^°L 


OE 


tDZC 


Hi-Z 



tCDD 
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Write Cycle (Early Write) 



DQi~DQi6 
(OUTPUTS)vol - 
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M5M4V4260TP-7,-8,-7Sr8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Byte Write Cycle (Early Write) 



DQ9~DQi6 voh — Hi-Z 

(orDQ 1 ~ DQs) ...— ' ' 

(OUTPUTS)VOL - 
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Write Cycle (Delayed Write) 
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FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Byte Write Cycle (Delayed Write) 
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FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Read-Write, Read-Modify-Write Cycle 
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FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Byte Read-Write, Read-Mod ify-Write Cycie 


tRWC 


raS 


UCa5 


YlH — 
VIL - 


VIH — 


(or LCAS) viL 


I PAS — 

(or DC^) viL- 


Ao~A8 


W 


ViH — 


VIL 


ViH 

ViL 


DQi~DQ8 VIH - 
(or DQ9 ~DQi6) 
(INPUTS) ■ 


DQi~DQ8 voh— 
(or DQ9 ~DQi6) 
(OUTPUTS) VOL - 


DQ9~DQi6 VIH 
(or DQi'“DQ 8) 
(INPUTS) ViL 


DQ9~DQi6 Voh 
(or DQi~DQi6 
(OUTPUTS) VOL 


OE 


ViH 

ViL 
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RAS'Only Refresh Cycle 



DQi~DQi6 

(OUTPUTS) VOL 


OE 
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M5M4V4260TP-7,-8r7Sr8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 
CAS before RAS Refresh Cycle, Extended Refresh Cycle * 


tRP 




VIH — 


VIL 




MpC tCSR 



hIh 



B 

HH 

Ibbih 

■■1 


tRP 




tRPC tCRP 


ECaS/UCM 


Ao~A8 


VIH — 


w 


DQi~DQi 6 
(INPUTS) viL 


DQi~DQi6 
(OUTPUTS)vol - 


OE 
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FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 29) 



Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing reouirements and output state are the same as that of each cycle described above. 
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Fast Page Mode Read Cycle 
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FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT)DYNAMIC RAM 


Fast Page Mode Byte Read Cycle 


tRAS tRP 
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M5M4V4260TP-7,-8,-78,-8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT)DYNAMIC RAM 


Fast Page Mode Write Cycle (Early Write) 



DQi~DQi 6'^0^^ “ Hi-Z 

(OUTPUTS)vol - 
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M5M4V4260TP-7r8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Byte Write Cycle (Early Write) 



DQ9~DQi6 voh — 
(or DQi~DQ8) 

(OUTPUTS)Vol - 


DE 
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Fast Page Mode Write Cycle (Delayed Write) 
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Fast Page Mode Byte Write Cycle (Delayed Write) 
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Fast Page Mode Read-Write, Read-Modify-Write Cycle 


RaS 


VIH — 
VIL — 


ViH — 

lC^/DCaS 


ViL — 


Ao~A8 


VIH — 
VIL — 


W 


ViH — 
ViL — 


DQi~DQi6'''^~ 
(INPUTS) viL- 


DQi~DQi6 ~ 
(OUTPUTS)vol - 


VIH — 

m 

ViL — 
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Self Refresh Cycle* (Note 30) 


tRASS 


tRPS 


TO 


VIH 

VIL 




lTO/DTO 


ViH — 


Ao~A8 


W 


ViL — 


ViH —' 


ViL —, 


VIH — 


VIL 


DQi~DQi6 Hi-z 

(INPUTS) viL - 


DQi ~DQi6 


VOH 


(OUTPUTS) VOL - 


OE 


VIH — 


VIL — 
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Note 30. Self refresh sequence 

Two refreshing methods should be used properly depending 
on the low pulse width (tRASs) of RA$ signal during self 
refresh period. 


1. In case of tRASs < 300ms 

1.1 Distributed refresh during Read/Write operation 


(A) Timing diagram 


Read/Write 


Self Refresh 


Read/Write 



Read/Write 

Read/Write-> 
Self Refresh 

Self Refresh-* 
Read/Write 

CBR distributed 
refresh 

tNSD + tSND ^ 8.2ms 

RAS only 
distributed refresh 

tNSD ^ 16 us 

tsND ^ 16 us 


(B) Definition of distributed refresh 



Definition of CBR distributed refresh 

(Including extended refresh) 

The CBR distributed refresh performs more than 512 
constant period(250ps max)CBR cycles within 128ms. 

Definition of RAS only distributed refresh 

All combinations of nine row address signals (Ao~ 
Aa) are selected during 512 constant period (IBps 
max) RAS only refresh cycles within 8.2ms. 

Note : 

Hidden refresh may be used instead of CBR refresh. 

RAS/CAS refresh may be used instead of RAS only refresh. 

1.1.1 CBR distributed refresh 
• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal in 
the last CBR refresh cycle during read/write operation 
period to the falling edge of RA$ signal at the start of 
self refresh operation should be set within tNSO (shown 
in table 2). 


• Switching from seif refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the first CBR refresh cycle during read/ 
write operation period should be set within tsNO (shown 
in table 2). 

1.1.2 RA$ only distributed refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNSD from the falling edge of RA$ 
signal in the last RAS only refresh cycle during read/ 
write operation period to the falling edge of RAS signal 
at the start of self refresh operation should be set within 
16us. 

• Switching from self refresh operation to read/write operation. 
The time interval tSNO from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the first CBR refresh cycle during read 
/write operation period should be set within 16us. 
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1.2 Burst refresh during Read/Write operation 
(A) Timing diagram 



first refresh cycles refresh cycles last 

refresh cycle 511 cycles 511 cycles refresh cycle 


Table 3 


Read/Write 

Read/Write-♦ Self Refresh-* 

Self Refresh Read/Write 

CBR burst 
refresh 

tNSB + tsNB ^ 8.2ms 

RAS only burst 
refresh 

tNSB + tSNB ^ 8.2ms 


(B) Definition of burst refresh 


8.2ms 



512 cycles 

Definition of CBR burst refresh 

The CBR burst refresh performs more than 512 
continuous GBR cycles within 8.2ms. 



All combinations of nine row address signals (Ao~ 
As) are selected during 512 continuous RAS only 
refresh cycles within 8.2ms. 


1.2.1 CBR burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RA$ signal in 
the first CBR refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within tNse (shown 
in table 3). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the last CBR refresh cycle during read/ 
write operation period should be set within tsNB (shown 
in table 3). 


1.2.2 RAS only burst refresh 

• Switching from read/writeoperationtoself refresh operation. 
The time interval from the falling edge of RAS signal 
in the first RA$ only refresh cycle during read/write 
operation period to the falling edge of RaS signal at 
the start of self refresh operation should be set within 
tNSB (shown in table 3). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the last RAS only refresh cycle 
during read/write operation period should be set within 
tSNB (shown in table 3). 


3-96 


A MITSUBISHI 
ELECTRIC 






MITSUBISHI LSIs 


M5M4V4260TP-7,-8,-7Sr8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


2. In case of tRASs ^ 300ms 
(A) Timing diagram-A 


RA§ 



last first 

refresh cycle refresh cycle 


Timing diagram-B 



512 cycles 512 cycles 


Table 4 


Read/Write 

Read/Write ^Self Refresh 

Self Refresh^Read/Write 

CBR distributed refresh 

Timing diagram-A 

Timing diagram-A 

RAS only distributed refresh 
CBR burst refresh 

RAS only burst refresh 

Timing diagram-B 

Timing diagram-B 


(B) Definition of refresh 

The same as 1.1-(B) and 1.2-(B) 


2.1.1 CBR distributed refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNSD from the falling edge of RAS 
signal in the last CBR refresh cycle during read/write 
operation period to the falling edge of RAS signal at the 
start of self refresh operation should be set within 
8.2ms. 

• Switching from self refresh operation to read/write operation. 
The time interval tsND from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the first CBR refresh cycle during read 
/write operation period should be set within 8.2ms. 


2.1. 2 RAS only distributed, CBR burst, RAS only burst refresh 
• Before and after the self refresh, 512 refresh cycles 
should be executed within 8.2ms for each refresh 
operation. 
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FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 262144-word by 16-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for memory systems where high speed, low power dissipation, and 
low costs are essential. 

The use of double-layer metalization process technology and a 
single-transistor dynamic storage stacked capacitor ceii provide 
high circuit density at reduced costs. The iower supply (3.3V) 
operation, due to the optimization of transistor structure, provides 
low power dissipation whiie maintaining high speed operation. 
Muitipiexed address inputs permit both a reduction in pins and an 
increase in system densities. Self or extended refresh current is 
smali enough for b attery backj^p appiication. 

This device has 2CAS and 1W terminals with a refresh cycle of 
512 cycles every 8.2ms. 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycle 
time 
(min .ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

MSM4V4260CTP-6,-6S 


mm 

KB 

mm 

KIM 

KV!cM 

M5M4V4260CTP-7,-7S 

70 

KB 

KBI 


mm 



•Standard 44 pin TSOP (n) 

•Single 3.3±0.3V supply 
•Low stand-by power dissipation 

CMOS Input level-5.5mW (Max) 

CMOS Input level-- - 550 W (Max)* 

•Operating power dissipation 

M5M4V4260CTP-6,-6S-- 396mW (Max) 

M5M4V4260CTP-7,-7S--342mW (Max) 

•Self refresh capabiiity * 

Self refresh current-100 A (Max) 

•Extended refresh capability 

Extended refresh current-100 //A (Max) 

•Fast-page mode ( 512-c olumn r ando m access), Read-modify-write, 
RAS-only refresh, CAS before RAS refresh. Hidden refresh 

capabilities. _ _ _ 

•Early-write mode, LCAS / UCAS and OE to controi output buffer 
impedance 

•512 refresh cycles every 8.2ms (Ao~A8) 

•512 refresh cycles every 128ms (A o~A 0 ) * _ _ 

•Byte or word control for ReadA/Vrite operation (2CAS, 1W type) 

♦: Applicable to self refresh version (M5M4V4260CTP-6S,-7S 
: option) only 


APPLICATION 

Microcomputer memory. Refresh memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

Ao-As 

Address inputs 

DQi~DQi6 

Data inputs / outputs 

RAS 

Row address strobe input 

LCAS 

Lower byte control 
column address strobe input 

UCAS 

Upper byte controi 
column address strobe input 

W 

Write control input 

OE 

Output enable input 

Vcc 

Power supply (-I-3.3V) 

Vss 

Ground (OV) 


PIN CONFIGURATIC 

)N (TOP VIEW) 

- ^ - 


(3.3V)VCC U 


44 ] VSS(OV) 

DQ1 [7 


^ DQ16 

DQ2 [7 


ii DQIS 

dq3 [T 


^ DQ14 

DQ4 (? 


^ DQ13 

(3.3V)VCC [6 


^ VSS(OV) 

DQs [7 


ail DQi 2 

DQe [F 


53 DQ11 

DQ7 [? 

s 

^ DQ10 

DQe [io 

w 

S 

$ . 

M 

o> 

35 ] DQ9 

NC 1^ 

8 

H 

^ NC 

NC [m 

■0 

53 LCAS 

w III 



RAS E 


il OE 

NC Ol 


2^ As 

AO ^ 


^ A7 

At 01 


H A6 

A2 1^ 


is] AS 

A3 E 


iil A4 

(3.3V)VCC ^ 


^ VSS(OV) 

Outline 44P3W-L (400mil TSOP Nomal Bend) 

NC: NO CONNECTION 


3 - 98 


A MITSUBISHI 
ELECTRIC 





















MITSUBISHI LSIs 

M5M4V4260CTP-6r7r6S,-7S 
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FUNCTION _ 

In addition to normal read,write and read-modify-write operations fast page mode, RAS-only refresh and delayed-write. The input 
the M5M4V4260CTP provides a number of other functions, e.g., conditions for each are shown in Table 1. 


Table 1 input conditions for each mode 


Operation 

Inputs 1 

Input/Output 1 

Refresh 

Remark 


LCAS 

UCAS 

w 

OE 

Row 

address 


DQ1~ 

DQ8 

Dca9~ 

DQ16 


ACT 

ACT 

NAC 

NAC 

ACT 

APD 

1 APD 1 

Dout 

OPN 

YES 

Fast 

page 

mode 

identical 

Upper byte read 

ACT 

NAC 


NAC 

ACT 

APD 


OPN 

Dout 

YES 

Word read 

ACT 

ACT 

1 ACT 1 

NAC 

ACT 

APD 

APD 

Dout 

Dout 

YES 

Lower byte write 

ACT 

ACT 

12031 

ACT 

NAC 

APD 

APD 

Din 

DNC 

YES 

Upper byte write 

ACT 

NAC 

BSul 

ACT 

NAC 

APD 

APD 

DNC 

Din 

YES 

Word write 

ACT 

ACT 

E3I 

ACT 

NAC 

APD 

APD 

Din 

Din 

YES 

RAS only refresh 

ACT 

NAC 

1 NAC 1 

DNC 

DNC 

APD 

DNC 

OPN 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

ESI 

DNC 

ACT 

DNC 

DNC 

Dout 

Dout 

YES 



ACT 

ACT 

1 ACT i 

DNC 

DNC 

DNC 

DNC 

OPN 

OPN 

YES 


Self refresh * 

ACT 

ACT 

KSl 

DNC 

DNC 

DNC 

DNC 

OPN 

OPN 

YES 


Stand-by 

NAC 

DNC 

E2Z9 

DNC 


DNC 

lil5M 



No 



Note : ACT; active, NAC; nonactive, DNC: don't care, OPN : open 


So!«e para*"'* 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-0.5~4.6 

V 

Vi 

Input voltage 

-0.5~4.6 

V 

Vo 

Output voltage 

-0.5~4.6 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25“C 

1000 

mW 

Topr 

Operating temperature 


0~70 

•c 

Tstg 

Storage temperature 


-65 ~ 150 

'C 


PREU 




Sot-ne pa'® 


tinaS 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70’C, unless otherwise noted) (Note l) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Norn: 

Max 

Vcc 

Supply voltage 

3.0 

3.3 

3.6 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

VIH 

High-level input voltage, all inputs 

■QEI 



V 

VIL 

Low-level input voltage, all inputs 

-0.3 


0.8 

V 


Note 1 : All voltage values are with respect to VSS. 


ELECTRICAL CHARACTERISTICS (Ta=0~70’C , Vcc=3.3±0.3V, Vss=0V, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 


BB 


VOH 

High-level output voltage 

IOH=-2mA 

E9 


Vcc 1 

V 

VOL 

Low-level output voltage 

IOL=2mA 

0 


BOH 

V 

loz 

Off-state output current 

Q floating OV^Vout^Vcc 

-5 


5 

pA 

li 

Input current 

OV^VIN^VCC+O.SV, other inputs pins=0V 

-5 


5 

aA 

ICCI(AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M4V4260C-6,-6S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



110 

mA 

M5M4V4260C-7,-7S 



95 

ICC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

R^=C^^Vcc -0.2V 
output open 



0.5 



0.1* 

|CC3(AV) 

Average supply current 
from Vcc, RAS only 
refresh mode (Note 3,5) 

M5M4V4260C-6,-6S 

RAS cycling, CAS=Vih 

tRC=min. 

output open 



110 

mA 

M5M4V4260C-7,-7S 



95 

|CC4(AV) 

Average supply current 
from Vcc 

Fast page mode 

(Note 3,4,5) 

M5M4V4260C-6;-6S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



110 

mA 

M5M4V4260C-7,-7S 



95 

|CC6(AV) 

Average supply current 

from Vcc _ 

CAS before RAS refresh 
mode (Note 3,5) 

M5M4V4260C-€,-6S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



100 

mA 

M5M4V4260C-7,-7S 



85 

ICC8(AV)* 

Average supply current 
from Vcc 

Extended-refresh mode (Note 6) 

RAS cycling CAS ^0.2V or CAS 
before RAS refresh cycling 

RAS^0.2V or ^VCC-0.2V 

CAS^0.2V or ^Vcc-0.2V 

W^0.2V or^Vcc-0.2V 

OE^0.2Vor ^Vcc-0.2V 

Ao~A 8 ^ 0.2V or ^Vcc-0.2V, 
DQ=open 

tRC=250 jxS, tRAS=tRAS min~1 //S 

1 

1 

100 

aA 

|CC9(AV) * 

Average supply current from Vcc 

Self-refresh mode (Note 6) 

RAS=CAS^0.2V 
output open 

■ 

■ 

100 

aA 


Note 2: Current flowing into an 1C is positive, out is negative. 

3: iCCi (AV), iCC3 (AV), iCC4 (AV), and iCC6 (AV) are dependent on cycie rate. Maximum current is measured at the fastest cycie rate. 
4: iCCi (AV) and ICC4 (AV) are dependent on output ioa ding. Specified values are obtained with the output open. 

5: Coiumn Address can be changed once or iess whiie RAS=V IL and CAS=VIH. 
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CAPACITANCE (Ta=0~70'C, Vcc=3.3±0.3V, Vss=0V, unless othenvise noted) 


Symbol 

Parameter 

Test conditions 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

Cl (CLK) 

Input capacitance, clock inputs 

f=1MHz 

Cl/0 

Input/Output capacitance, data ports 

Vi=25mVrms 


Limits 


Min I Typ Max 


5 



SWITCHING CHARACTERISTICS (Ta=0~70"C, Vcc=3.3±0.3V, Vss=0V, unless othenwise noted, see notes 6,13,14) 




Limits 


M5M4V4260O«,-6S M5M4V4260C-7,-7S 






Columu address access time 


Access time from CAS precharqe 




Output low impedance time from CAS low 


Output disable time after CAS high 


Output disable time after OE high 


(Note 7,10) 


(Note 7,11) 


(Note 7) 


(Note 7) 


(Note 12) 


(Note 12) 



Note 6: An initial pause of 200 ps is required after power-up followed by a minimum of eight initialization cycles (RAS-only refresh or CAS before RAS refresh 

cycles). _ 

Note the RAS may be cycled during the initial pause. And 8 initialization cycles are required after prolonged periods (greater than 8.2ms) of RAS 
inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to lOOpF, VOH(lOH=-2mA) and VOL(IOL=2mA). The reference levels for measuring of output signals are 
2.0V(VOH) and 0.8V(VOL). 

8: Assumes that tRCD^ tRCD(max) and tASC^ tASC(max). 

9: Assumes that tRCD^ tRCD(max) and tRAD^ tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCO exceeds the value shown. 

10: Assumes that tRAD^ tRADfmax) and tASC^ tASC(max). 

11: Assumes that tCP^ tCP(max) and tASC ^ tASC(max). 

12; tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (I OUT^ |± 5 pA |) and is not reference to VOH(min) 
or VOL(max). 
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Fast-Page Mode Cycles) 

(Ta=0~70‘'C, Vcc=3.3±0.3V, Vss=0V, unless otherwise noted, see notes 6,13,14) 





Limits 


Symbol 

Parameter 


M5M4V4260C-6,-6S 

M5M4V4260C-7,-7S 

Unit 






Min 



tREF 

Refresh cycle time 


8.2 


8.2 

ms 

tREF 

Refresh cycle time * 


128 


128 

ms 

tRP 

RAS high pulse width 

40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 15) 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


ns 

tRPC 


0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 16) 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 17) 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


ns 

tCAH 

Column address hold time after CAS low 

15 


15 


ns 

tDZC 

Delay time, data to CAS low 

(Note 18) 

0 


0 


ns 

tDZO 



0 


0 


ns 

tCDD 

Delay time, CAS high to data 

(Note 19) 

15 


20 


ns 

tODD 

Delay time, OE high to data 


15 


20 


ns 

tr 

Transition time 

(Note 20) 

1 

50 

1 

50 

ns 


Note 13: The timing requirements are assumed tT =5ns. 

14: VIH(min) and VlL(max) are reference levels for measuring timing of input signals. 

15: tRCD(max) is specified as a reference point only. If tRCD is less than tRCDftnax), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tAA. 

16: tRAD(max) is specified as a reference point only. If tRAD ^ tRAD(max) and tASC ^ tASC(max), access time is controlled exclusively by tAA. 

17: tASC(max) is specified as a reference point only. If tRCD^ tRCD(max) and tASC g tASC(max), access time is controlled exclusively by tCAC. 

18: Either tOZC or tDZO must be satisfied. 

19: Either tCDD or tODD must be satisfied. 

20: tr is measured between VIH(min) and VlL(max). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4260C-6,.6S 

M5M4V4260C-7,-7S 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

110 


130 


ns 

tRAS 

RAS low pulse width 

60 


70 


ns 

tCAS 

CAS low pulse width 

15 

BBBUil 

20 

ilWtl 

ns 

tCSH 


60 


70 


ns 

tRSH 


15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tRCH 

Read hold time after CAS high (Note 21) 

0 


0 


ns 


Read hold time after RAS high (Note 21) 

0 


0 


ns 

tRAL 

Column address to RAS hold time 

30 


35 


ns 

tOCH 

CAS hold time after QE low 

15 


20 


ns 

tORH 


15 


20 


ns 


Note 21: Either tRCH or tRRH must be satisfied for a read cycle. 
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Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4260C-6,-6S 

M5M4V4260C-7,-7S 

Min 


Min 

Max 

two 

Write cycle time 

110 


130 


ns 

tRAS 

RAS low pulse width 

60 

ITWiM 

70 


ns 

tCAS 

CAS low pulse width 

15 


20 

ifWiM 

ns 

tCSH 

CAS hold time after RAS low 

60 


70 


ns 

tRSH 

RAS hold time after CAS low 

15 


20 


ns 

twcs 

Write setup time before CAS low (Note 23) 

0 


0 


ns 

tWCH 

Write hold time after CAS low 

10 


15 


ns 

tCWL 


15 


20 


ns 

tRWL 

RAS hold time after W low 

15 


20 


ns 

tWP 

Write pulse width 

10 


15 


ns 

tDS 

Data setup time before CAS low or W low 

0 


0 


ns 

tDH 


10 


15 


ns 

tOEH 

OE hold time after W low 

15 


20 


ns 


Read-Write and Read-Modify-Write Cycles 





1 Limits 1 


Symbol 

Parameter 


1 M5M4V4260C«,-6S 1 

M5M4V4260C-7,-7S 

Unit 









tRWC 

Read write/read modify write cycle time 

(Note 22) 

150 


■lilsB 


ns 

tRAS 

RAS low pulse width 

100 


120 


ns 

tCAS 

CAS low pulse width 

55 


70 


ns 

tCSH 


■USB 


■SSI 


ns 

tRSH 


55 


70 


ns 

tRCS 

1 Read setup time before CAS low 

0 


0 


ns 

tCWD 

1 Delay time, CAS low to W low 

(Note 23) 

35 


45 


ns 

tRWD 


(Note 23) 

80 


95 


ns 

tAWD 

1 Delay time, address to W low 


50 


60 


ns 

tCWL 


15 


20 


ns 

tRWL 


15 


20 


ns 

tWP 

Write pulse width 

10 


15 


ns 

tDS 

Data setup time before CAS low or W low 

0 


0 


ns 

tDH 

Data hold time after CAS low or W low 

10 


15 


ns 

tOEH 

OE hold time after W low 

15 


20 


ns 


Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)44tT. 

23: twcs, tCWD, tRWD and tAWD and tCPWD are specified as reference points oniy. If tWCS&tWCS(min) the cycle is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tcWDStcWDfmin), tRWDStRWD(min), tAWD^tAWD(min) and tCPWD^ tCPWD(min) 

(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ w ill co ntain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 24) 


Symbol 

Parameter 

Limits 1 

Unit 

M5M4V4260C-6,-6S | 

M5M4V4260C-7,-7S | 

Min 

Max 

Min 

Max 

tPC 

Fast page mode read/write cycle time 

40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

80 


95 


ns 

tRAS 

RAS low pulse width for read or write cycie (Note 25) 



115 


ns 

tCP 

CAS high puise width (Note 26) 

10 

15 

10 

15 

ns 

tCPRH 

RAS hold time after CAS precharge 

35 


40 


ns 

tCPWD 

Delay time, CAS precharge to W iow (Note 23) 

55 




ns 


Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
25; tRAS(min) is specified as two cycles of CAS input are performed. 

26; tCP(max) Is specified as a reference point only. 


CAS before RAS Refresh Cycle, Extended Refresh Cycle * (Note 27) 


Symbol 

Parameter 

1 Limits 1 

Unit 

1 M5M4V4260C«,-6S | 

1 M5M4V4260C-7,-7S 

Min 


Min 

BS9i 

tCSR 

CAS setup time before RAS low 

5 


5 


ns 

tCHR 


10 


15 


ns 

tCAS 

1 CAS low pulse width 

20 


mm 


ns 


Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 


Self Refresh Cycle * (Note 28 ) 
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Timing Diagrams (Note 29) 
Read Cycle 




Note 29 


Indicates the don't care input. 
VlH(min)^VlN^VlH(max) or VlL(min)^VlN^VlL(max) 



Indicates the Invalid output. 
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LCAS/UCAS 




DQi~DQi6 Vih- 
(INPUTS) viL - 



DQi~DQi6 Yoh- 
(OUTPUTS) voL-' 
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CAS before RAS Refresh Cycle, Extended Refresh Cycle * 



DQi~DQi 6 
(INPUTS) viL 


DQi~DQi6 
(OUTPUTS) VOL- 


OE 


tCDD 
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Hidden Refresh Cycle (Read) (Note 30) 






Note 30: Early write, delayed write, read write or read modify write cycle is appiicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycie described above. 
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Fast Page Mode Read Cycle 
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Fast Page Mode Byte Read Cycle 


or LCAS) viL 


or UCAS ViL 


DQi^DQs . 
(or DQ9 ~DQi 6) 
(INPUTS) ViL ■ 


DQi~DQ8 \/oh- 
(or DQ9 ~DQi6) 
(OUTPUTS) VOL- 


DQ9~DQi 6 . 
(or DQi~DQ8) 
(INPUTS) ViL ■ 


DQ9~DQ16 
(or 001 -^ 008 ) 
(OUTPUTS) VoL- 
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Fast Page Mode Write Cycle (Early Write) 



LCAS/UCAS 


Kv;v**i 



tASR tRAH tASC tCAH 


r ROW COLUMN 

Laddress addressi 


tASC tCAH tASC tCAH tASR 


COLUMN 
ADDRESS2, 


COLUMN ROW 

.ADDRESS3,^OQr\, ADDRESS 


tWCS tWCH tWCS tWCH 


tDS tDH, 
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Fast Page Mode Byte Write Cycle (Early Write) 


(or LCAS) viL 


(or UCAS) ViL - 


DQi~DQ 8 yiH ■ 
(or DQ9 ~DQi 6) 
(INPUTS) ViL ■ 


DQi~DQ 8 
(or DQ9 ~DQi6) 
(OUTPUTS) VOL- 


DQ9~DQi 6 
(or OQi~DQ8) 
(INPUTS) ViL 



twcs tWCH 


tDS tDH 


Ids tDH 


DQ9~DQi6 Wqu. 
(or DQi~DQ8) 
(OUTPUTS) VOL- 
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Fast-Page Mode Byte Write Cycle (Delayed Write) 
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Note 28 : Self refresh sequence 

Two refreshing methods should be us ed properly depending on 
the low pulse width (tRASs) of RAS signal during self refresh 
period. 

1. Distributed refresh during Read/Write operation 
(A) Timing Diagram 


Read / Write Cycle 


, Self Refresh Cycle , 
-*H-——-H<- 


Read / Write Cycle 



L tNSD 

tRASSS100;/S 1 

L tSND j 



wamm 




RAS \ ^ 

l /" 


r 


lT 







' last 

1 

first 


Table 2 


Read / Write Cycle 

Read / Write-* 
Self Refresh 

Self Refresh-* 
Read / Write 

CBR distributed 
refresh 

tNSD^250/<S 

tSND^250/,(S 

RAS only 
distributed refresh 

tNSD^16/<S 

tSND^16yuS 


(B) Definition of distributed refresh 


RAS 


tREF 


tREF/512 


refresh 

cycle 


read/write 

cycles 


tREF/512 




refresh 

cycle 



read/write 

cycles 


Definition of GBR distributed refresh 
flncluding extended refresh^ 

The CBR distributed refresh performs more than 512 
constant period (250 fiS max.) CBR cycles within 128 ms. 

Definition of RAS only distributed refresh 

All combinations of nine row address signals (A o~A8 ) are 
selected during 512 constant period (16 // s max.) RAS only 
refresh cycles within 8.2 ms. 

Note: 

Hidden ref resh may be used instead of CBR refresh. 

RAS/CAS refresh may be used instead of RAS only refresh. 

1.1 CBR distributed refresh 

• Switching from read/write operation to self refre sh operation. 
The time interval from the falling edge of RAS signal in the last 
CBR refresh c ycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within tNso (shown in table 2). 


• Switching from self refresh operation to read /write operation. 
The time interval from the rising edge of RAS signai at the 
end of seif refresh operation to the failing edge of RAS signal 
in the first CBR refresh cycle during read/write operation 
period should be set within tsNO (shown in table 2). 

1.2 RAS only distributed refresh 

• Switching from read/write operation to self refres h ope ration. 
The time interval tNSD from the falling edge of RAS signal in 
the last RAS only refresh cy cle d uring read/write operation 
period to the falling edge of RAS signal at the start of self 
refresh operation should be set within 16 ;xs. 

• Switching from self refresh operation to read/wri te op eration. 
The time inten/al tSNO from the rising edge of RAS sign al at 
the end of self refresh operation to the falling edge of RAS 
signal in the first CBR refresh cycle during read/write 
operation period should be set within 16 s. 
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2. Burst refresh during Read/Write operation 
(A) Timing diagram 



first refresh cycles 

refresh cycles 511 cycles 


refresh cycles last 

511 cycles refresh cycles 


Tables 


Read / Write Cycle 

Read / Write-* 

Self Refresh 

Self Refresh-* 
Read / Write 

CBR burst 
refresh 

tNSB^ 8.2ms 

tSNB^ 8.2ms 

RAS only 
burst refresh 

tNSB+tSNB^8.2mS 


(B) Definition of burst refresh 


RAS 




refresh cycles 
512 cycles 




Definition of CBR burst refresh 

The CBR burst refresh performs more than 512 continuous 
CBR cycies within 8.2 ms. 

Definition of RAS oniv burst refresh 

Ail combination of nine row addr ess s ignals (Ao~A8) are 
selected during 512 continuous RAS only refresh cycles 
within 8.2 ms. 

2.1 CBR burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNSB from the falling edge of RAS signal in 
the first CBR refresh cycle during read/write operation period 
to the falling edge of RAS signal at the start of self refresh, 
operation should be set within 8.2 ms. 

• Switching from self refresh operation to read/write operation. 
The time interval tSNB from the rising edge of RAS sign al at 
the end of self refresh operation to the falling edge of RAS 
signal in the last CBR refresh cycle during read/write operation 
period should be set within 8.2 ms. 


read/write cycles 


2.2 RAS only burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal in the 
first RAS only refresh cycle during read/write operation period 
to the falling edge of RAS signal at the start of self refresh 
operation should be set within tNSB (shown in table 3). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in 
the last RAS only refresh cycle during read/write operation 
period should be set within tSNB (shown in table 3). 
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DESCRIPTION 

This is a famiiy of 262144-word by 16-bit dynamic RAMs with 
Hyper page mode fuction, fabricated with the high performance 
CMOS process, and is ideai for the buffer memory systems of 
personai computer graphics and HDD where high speed, low 
power dissipation, and low costs are essential. 

The use of double-layer metalization process technology and a 
single-transistor dynamic storage stacked capacitor cell provide 
high circuit density at reduced costs. The lower supply (3.3V) 
operation, due to the optimization of transistor structure, provides 
low power dissipation while maintaining high speed operation. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self or extended refresh current is 
low enough for bat tery back-up application. 

This device has 2CAS and 1W terminals with a refresh cycle of 
512 cycles every 8.2ms. 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max. ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

M5M4V4265CTP-6,-6S 


mm 


mm 

BIBB 

Bc'ic'Ic'M 

M5M4V4265CTP-7,-7S 

mm 


ksh 

MdtM 

BIcM 



•Standard 44 pin TSOP (n) 

•Single 3.3±0.3V supply 
•Low stand-by power dissipation 

CMOS Input level-1.8mW (Max) 

CMOS Input level-360 n W (Max) * 

•Operating power dissipation 

M5M4V4265CTP-6,-6S-- 396mW (Max) 

M5M4V4265CTP-7,-7S-342mW (Max) 

•Self refresh capability * 

Self refresh current- 100A (Max) 

•Extended refresh capability 

Extended refresh current-100 >K A(Max) 


•Hyper -pag e mode (512- colum n rand om ac cess), Read-modify- 
write, RAS-only refresh, CAS before RAS refresh. Hidden refresh 
capabilities. _ _ 

•Early-write mode, OE and W to control output buffer impedance 
•512 refresh cycles every 8.2ms (Ao~A8) 

•512 refresh cycles every 128ms (Ao~A8) * _ _ 

•Byte or word control for Read/Write operation (2CAS, 1W type) 

♦: Applicable to self refresh version (M5M4V4265CTP-6S,-7S 
: option) only 


PIN CONFIGURATION (TOP VIEW) 


(3.3V)VCC [T 


^ VSS(OV) 

DQ1 [T 


dl DQ16 

DQ2 [T 


42] DQ15 

DQ3 {± 


dl DQ14 

DQ4 [? 


dl DQ13 

(3.3V)VCC [£ 


dl VSS(OV) 

DOS \T 


ii] DQi2 

DQ6 d 


d] DQii 

DQ7 d 

s 

dl DQlO 

DQ8 Qo 

s 

HI DQ9 


% 



IS9 


NC 

Ul 

o 

H 

dl NC 

NC [14 

■0 

d] lcas 

w d 


^ UCAS 

^ [d 


dl ^ 

NC OZ 


m A8 

\Ei 

o 

< 


d| A7 

Ai d 


HI A6 

A2 d 


iH A5 

A3 ii 


dl a4 

(3.3V)VCC d 


23] VSS(OV) 

Outline 44P3W-L (400mil TSOP Nomal Bend) 



NC: NO CONNECTION 


APPLICATION 

Microcomputer memory. Refresh memory for CRT, Frame buffer 
memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

Ao~A8 

Address inputs 

DQi~DQi6 

Data inputs / outputs 

R^ 

Row address strobe input 

LCAS 

Lower byte control 
column address strobe input 

UC^ 

Upper byte control 
column address strobe input 

W 

Write control input 

OE 

Output enable input 

Vcc 

Power supply (+3.3V) 

Vss 

Ground (OV) 
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FUNCTION _ 

In addition to Hyper Page Mode, normal read, write and read- other functions, e.g., RAS-only refresh, and delayed-write. The 

modify-write operations the M5M4V4265CTP provides a number of iiput conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 1 

Input/Output 1 


wmi 



OE 

DQi~DQ8 

DQ9~DQ16 

Lower byte read 

ACT 

ACT 

1 NAC 1 

NAC 

ACT 

Dout 

OPN 

Upper byte read 

ACT 

NAC 

EQuIl 

NAC 

ACT 

OPN 

Dout 

Word read 

ACT 

ACT 

ACT 

NAC 

ACT 

Dout 

Dout 

Lower byte write 

ACT 

ACT 

NAC 

ACT 

NAC 

Din 

DNC 

Upper byte write 

ACT 

NAC 

ACT 

ACT 

NAC 

DNC 

Din 

Word write 

ACT 

ACT 


ACT 

NAC 

Din 

Din 

RAS oniy refresh 

ACT 

NAC 

NAC 

DNC 

DNC 

OPN 

OPN 

Hidden refresh 

ACT 

ACT 

ACT 

NAC 

ACT 

Dout 

Dout 


ACT 

ACT 

ACT 

DNC ^ 

DNC 

OPN 

OPN 

Self refresh * 

ACT 

ACT 

ACT 

DNC 

DNC 

OPN 

OPN 

Stand-by 






OPN 

OPN 


Note : ACT : active, NAC: nonactive, DNC: don't care, OPN : open 


pREi-^ 








Sort'® 


EDO (HYPER 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-0.5~4.6 

V 

Vi 

Input voltage 

-0.5~4.6 

V 

Vo 

Output voltage 

-0.5~4.6 

V 

1 0 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25‘C 

1000 

mW 

Topr 

Operating temperature 


0~70 

•c 

Tstg 

Storage temperature 


-65 ~ 150 

'C 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70’C, unless otherwise noted) (Note 1) 


Symbol 

Parameter 

1 Limits 1 

Unit 

Min 

Norn 

Max 

Vcc 

Supply voltage 

3.0 

3.3 

3.6 

V 

Vss 

Supply voltage 

0 


0 

V 

ViH 

High-level input voltage, all inputs 




V 

ViL 

Low-level input voltage, all inputs 

1 -0.3 1 


1 0.8 1 

V 


Note 1 : All voltage values are with respect to VSS. 


ELECTRICAL CHARACTERISTICS (Ta=0~70°C , Vcc=3.3±0.3V, Vss=OV, unless othenwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 




VOH 

High-level output voltage 

IOH=-2mA 

El 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating OV^Vout^Vcc 

-5 


5 

aA 

li 

Input current 

0V^VlN^VCC+O.3V, other inputs pins=0V 

-5 


5 

aA 

ICCI(AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M4V4265C-6,-6S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



110 

mA 

M5M4V4265C-7,-7S 



95 

|CC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

R^= CAS ^ Vcc-0.2V 
output open 



0.5 



0.1* 

ICC3(AV) 

Average supply current 
from Vcc, RAS only 
refresh mode (Note 3,5) 

M5M4V4265C-6,-6S 

RAS cycling, CAS=Vih 

tRC=min. 

output open 



110 

mA 

M5M4V4265C-7,-7S 



95 

|CC4(AV) 

Average supply current 

from Vcc 

Hyper page mode 

(Note 3,4,5) 

M5M4V4265C-6,-6S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



110 

mA 

MSM4V4265C-7,-7S 



95 

|CC6(AV) 

Average supply current 

from Vcc _ 

CAS before RAS refresh 
mode (Note 3,5) 

M5M4V4265C-6,-6S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



100 

mA 

M5M4V4265C-7,-7S 



85 

ICC8(AV)* 

Average supply current 
from Vcc 

Extended-refresh mode (Note 6) 

R^ cycling C^ ^0.2V or CAS 
before RAS refresh cycling 

RAS^0.2V or ^Vcc-0.2V 
CAS^0.2Vor ^Vcc-0.2V 

W^0.2V or^Vcc-0.2V 

OE^0.2Vor ^Vcc-0.2V 

Ao~A 8 ^ 0.2V or ^Vcc-0.2V, 
DQ=open 

tRC=250 fi S, tR AS=tRAS min ~ 1 S 

1 

1 

100 

aA 

|CC9(AV) * 

Average supply current from Vcc 

Self-refresh mode (Note 6) 

^=^^0.2V 
output open 



100 

aA 


Note 2; Current flowing into an 1C Is positive, out Is negative. 

3: ICC 1 (AV), ICC3 (AV). ICC4 (AV), and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCI (AV) and ICC4 (AV) are dependent on output loa ding. Specified values are obtained with the output open. 

5: Column Address can be changed once or less while RAS=V IL and CAS=VIH. 
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EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


CAPACITANCE (13=0^70^, Vcc=3.3±0.3V, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

Cl (CLK) 

Input capacitance, clock inputs 

f=1MHz 

Cl/O 

input/Output capacitance, data ports 

Vi=25mVrms 


Limits _ 

Min I Typ I Max 


5 PF 


PF 


SWITCHING CHARACTERISTICS (Ta=0~70 'C, Vcc=3.3±0.3V, Vss=0V, unless otherwise noted, see notes 6,14,15) 



Note 6: An initial pause of 500 ps is required after power-up followed by a minimum of eight initialization cycles (RAS-only refresh or CAS before RAS refresh 

cycles). _ 

Note the RAS may be cycled during the initial pause. And 8 initialization cycles are required after prolonged periods (greater than 8.2ms) of RAS 
inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to 50pF, VOH(lOH=-2mA) and VOL(lOL=2mA). The referencelevels for measuring of output signals are 
2.0V(VOH) and 0.8V(VOL). 

8: Assumes that tRCD^ tRCD(max) and tASC ^ tASC(max) and tCP ^ tCP(max). 

9: Assumes that tRCD^ tRCD(max) and iRAD ^ tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD S tRAD(max) and tASC ^ tASC(max). 

11: Assumes that tCP ^ tCP(max) and tASC ^ tASC(max). 

12: tOEZ (max), tWEZ(max), tOFF(max) and tREZ(max) defines the time at which the output achieves the high impedance state (I OUTS l±5 pA |) and is not 
reference to VOH(min) or VO L(max ). _ 

13: Output is disabled after both RAS and CAS go to high. 
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’ EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 

(Ta=0~70°C, Vcc=3.3±0.3V, Vss=0V, unless otherwise noted, see notes 14,15) 





Limits 


Symbol 

Parameter 


M5M4V4265C-6,-6S 

M5M4V4265C-7,-7S 

Unit 




Min 


Min 



tREF 

Refresh cycle time 


8.2 


8.2 

ms 

tREF 

Refresh cycle time * 


128 


128 

ms 

tRP 


40 


50 


ns 

tRCD 

Delay time, RAS low to CaS low 

(Note 16) 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


ns 

tRAD 

Column address delay time from RAS low 


15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 18) 

0 

13 

0 

13 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


ns 

tCAH 

Column address hold time after CAS low 

10 


10 


ns 

tDZC 

Delay time, data to CAS low 

(Note 19) 

0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 19) 

0 


0 


ns 

tRDD 

Delay time, RAS high to data 

(Note 20) 

15 


20 


ns 

tCDD 

Delay time, CAS high to data 

(Note 20) 

15 


20 


ns 

tODD 

Delay time, OE high to data 

(Note 20) 

15 


20 


ns 

tr 

Transition time 

(Note 21) 

1 

50 

1 

50 

ns 


Note 14: The timing requirements are assumed tT =2ns. 

15: VIH(min) and VlL(max) are reference ievels for measuring timing of input signals. 

16: tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tHCD(max), access time is 
controlled exclusively by tCAC or tAA. 

17: tRAD(max) is specified as a reference point only. If tRAD^ tRAD(max) and tASC^ tASC(max), access time is controlled exclusively by tAA. 

18: tASC(tnax) is specified as a reference point only, if tRCD ^ tRCD(max) and tASG ^ tASC(max), access time is controlled exclusively by tCAC. 

19: Either tDZC or tDZO must be satisfied. 

20: Either tRDD or tCDD or tODD must be satisfied. 

21: tT is measured between VlH(min) and VlL(max). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4265C-6,-6S 

M5M4V4265C-7,-7S 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

110 


130 


ns 

tRAS 

RAS low pulse width 

60 


70 

ITiTiWil 

ns 

tCAS 

CAS low pulse width 

10 


13 


ns 

tCSH 


48 


55 


ns 

tRSH 

RAS hold time after CAS low 

15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tRCH 

Read hold time after CAS high (Note 22) 

0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 22) 

0 


0 


ns 

tRAL 

Column address to RAS hold time 

30 


35 


ns 

tCAL 

Column address to CAS hold time 

18 


23 


ns 

tORH 


15 


20 


ns 

tOCH 


15 


20 


ns 


Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 


pbeU 
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EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V4265C-6,-6S 

M5M4V4265C-7,-7S 

Min 


Min 


two 

Write cycle time 

■EEI 


■Mil 


ns 

tRAS 

RAS low pulse width 

60 


70 


' ns 

tCAS 

CAS low pulse width 

10 


10 


ns 

tCSH 


48 


55 


ns 

tRSH 


15 


20 


ns 

twcs 

Write setup time before CAS low (Note 24) 

0 


0 


ns 

tWCH 


10 


13 


ns 

tCWL 

CAS hold time after W low 

10 


13 


ns 

tRWL 

RAS hold time after W low 

10 


13 


ns' 

tWP 

Write pulse width 

10 


13 


ns 

tDS 

Data setup time before CAS low or W low 



0 


ns 

tDH 


10 


13 


ns 


Read-Write and Read-Modify-Write Cycles 





Limits 


Symbol 

Parameter 


M5M4V4265C-6,-6S 

M5M4V4265C-7,-7S 

Unit 







kesi 


tRWC 

Read write/read modify write cycle time 

(Note 23) 

■E9 




ns 

tRAS 

RAS low pulse width 

89 


107 

KBfifBl 

ns 

tCAS 

CAS low pulse width 

44 

ITg»Ti7il 

57 


ns 

tCSH 

CAS hold time after RAS low 

82 


99 


ns 

tRSH 


44 


57 


ns 

tRCS 

Read setup time before CAS low 

[HQI 


0 


ns 

tCWD 

Delay time, CAS low to W low 

(Note 24) 

32 


42 


ns 

tRWD 


(Note 24) 

77 


92 


ns 

tAWD 

Delay time, address to W low 

(Note 24) 

47 


57 


ns 

tOEH 

OE hold time after W low 

15 


20 


ns 


Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tT. 

24: twcs, tcWD, tRWO and tAWD and tCPWD are specified as reference points only. If tWCSS:tWCS(min) the cycle Is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tcWD^tCWD(mln), tRWD^tRWD(min), tAWD^tAWD(inin) and tCPWD^ tCPWD(min) 

(for Hyper page mode cycle only), the cycle Is a read-modify-write cycle and the DQ will c ontain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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Come 


EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Cycle 

(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or^ (Note 25) 




Hvoer oaoe mode read/write cvcie time 


Hyper page mode read write/read modify write cycle time 




RAS low pulse width for read or write cycle 


CAS high pulse width 


RAS hold time after CAS precharoe 


Delay time, CAS precharge to W low 


Hold time to maintain the data Hi-Z until CAS access 




W pulse width (Hi-Z control)_ 


Delay time, CAS low to W low after read 


Delay time, Address to W low after read 


Delay time, CAS precharge to W low after read 


Delay time, CAS low to OE high after read 


Delay time. Address to OE high after read 


Delay time, CAS precharoe to OE hioh after read 




(Note 27) 


(Note 28) 


(Note 24) 



Note 25: All previously specified timing requirements and switching characteristics are applicabie to their respective Hyper page mode cycle. 
26: tHPC(min) is specified in the case of read-only and early write-only in Hyper page mode. 

27: tRAS(min) is specified as two cycles of CAS input are performed. 

28: tCP(max) is specified as a reference point oniy. 


CAS before RAS Refresh Cycle (Note 29 ) 



Note 29: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 


Self Refresh Cycle * (Noteso) 
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LCAS/UCAS 


tASR tRAH , 


'tASCj 1 tCAH 


ROW ' 

.address. 


COLUMN 

ADDRESS 


ROW 

ADDRESS 


DQi~DQi6 Vih-' 
(INPUTS) viL _: 


DQi~DQi6 Voh- 

(OUTPUTS) VOL-' 


^ tOHR 
DATA VALID 


tREZ tWEZ I*- 
, tOFF 
tOHC 


Indicates the don't care input. 
VIH(min)SVlNSVlH(max) or VlL(min)^VINSVlL(max) 

Indicates the invalid output. 
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Byte Delayed Write Cycle 
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Hyper Page Mode Read Cycle 


RAS 

ViL ■ 

ViH 

LCAS/UCAS 

ViL 


ViH- 

Ao~A8 

ViL- 


ViH- 

w 

ViL 

DQi~DQi6 

ViH 

(INPUTS) 

ViL 

DQi~DQi6 

VOH 

(OUTPUTS) voL 


H 


i*I*t<*ItSt*H*I*& 
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Hyper Page Mode Byte Read Cycle 


RAS 


VlH- 

VlL- 


LCAS ViH • 

(or UCAS) viL - ' 


UC AS ~ 

(or LCAS) ViL -1 


Ao~A8 


W 


ViH- 

ViL-, 


DQi~DQ8 _' 

(or DQ9 ~DQi6 ) ' 
(INPUTS) VIL -' 


DQi~DQ8 YQm _ 
(or DQ9 ~DQi6 ) 
(OUTPUTS) VOL- 


DQ9~DQi6 w _ 
(orDQi~DQ8) 
(INPUTS) viL -; 


DQ9~DQ16 voh- 
(orDQi~DQ8) 
(OUTPUTS) VOL- 


OE 


\ 


tCRP 


tASR 


tRAS 


/ 


tCSH 


tRCD 


_ / 


tRAD 


tRAH 


ROW 
ADDRESS 


tASC 


tCAS 


tCAH 


COLUMN-1 


tRCS 


Hi-Z 


tCAL 



tHPC 


tCP , , tCAS 

——H W -H 


_ / 


tASC 


tCAH 


COLUMN-2 


tozc 


tCAL 


tCAC 


tAA 


tCLZ 


tCPA 


Hi-Z 


DATA 

VALID-1 


tRSH 

H-H 


tcp 


tASC 

t*-H 


’V 


tCAS 


tCPRH 


tCAH 


COLUMN-3 


Hi-Z 


tRAL 


tCAL 


DATA 

VALiD-2 


tRP 


/ 


tCRP 


tASR 

H-H 


tRRH 


ROW 

ADDRESS 


tRCH 


tREZ 

tOHR 


tCAC 


tAA 


tOOH 




tCPA 




tRDD 



1 

■ 

1 

Ib 

i 

s 


tOHC 


DATA 

VALiD-3 


tOEZ 




W tODD 
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Hyper Page Mode Byte Early Write Cycle 




(or UCAS) ViL 


(or LCAS) 

ViL 


VIH 

Ao~A8 

ViL 


ViH 

W 

ViL 

DQi~DQ8 

\/lM 


JWWj 















>W*W*WW*3 




DQi~DQ8 yq^ 
(or DQ9 ~DQi 6) 
(OUTPUTS) VoL 



DQ9~DQi 6 
(or DQi~DQ8) 
(INPUTS) ViL 


DQ9~DQi6 yq^ 
(or DQi~DQ8) 
(OUTPUTS) VOL 
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RAS 

VIL- 

VIH 

LCAS/UCAS 

ViL 


ViH 

Ao~A8 

ViL 


ViH 

W 

ViL 

DQi~DQi6 

ViH 

(INPUTS) 

ViL 

DQi~DQi6 

VOH 

(OUTPUTS) 

VOL 


Ssm*' 
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Hyper Page Mode Mix Cycle (1) 


- vin 

RAS 

ViL- 

ViH- 

LCAS/UCAS 

ViL- 


VlH- 

Ao~A 8 

ViL- 


ViH- 

W 

ViL ■ 

DQi~DQi 6 

ViH 

(INPUTS) 

ViL 

DQi~DQi 6 

VOH 

(OUTPUTS) VoL 











*eT47«iHil!r#T^^ 





S*t*X*****K***t*i 


yM 











>H*KvIC 


3-148 


A 


MITSUBISHI 

ELECTRIC 
















MITSUBtSHI LSIs 

M5M4V4265CTP-6,-7r6Sr7S 

son,a P« EDQ (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 





A MITSUBISHI 
ELECTRIC 


3-149 

















MITSUBISHI LSIs 

M5M4V4265CTP-6,-7,-6Sr7S 


some per*'" Eqq (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 





LCAS/UCAS 

VIL 


ViH- 

Ao~A8 

VlL ■ 


ViH 

W 

ViL 

DQi~DQi6 

ViH 

(INPUTS) 

VIL 

DQi~DQie 

VOH 

(OUTPUTS) VoL 
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a to Chang® 


CAS before RAS Refresh Cycle, Extended Refresh Cycle * 


RAS 


VlH- 

VlL- 





tRC 


tRAS 





tRC 


tRAS 


/ 


\ 


Ao~A8 



DQi~DQi6 Vih-^ 
(INPUTS) viL - 


DQi~DQi6 Voh- 
(OUTPUTS) voL- 


tOEZ 
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Self Refresh Cycle * (Note 30) 


RAS 

ViL- 

VIH 

LCAS/UCAS 

ViL 


ViH- 

CO 

< 

1 

ViL- 


ViH 

w 

ViL 

DQi~DQi6 

ViH 

(INPUTS) 

ViL 

DQi~DQi6 

VOH 

(OUTPUTS) VoL 




III 
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Note 30: Self refresh sequence 

Two refreshing methods should be us ed properly depending on 
the low pulse width (tRASS) of RAS signal during self refresh 
period. 

1. Distributed refresh during ReadA/Vrite operation 
(A) Timing Diagram 


Read / Write Cycle < Self Refresh Cycle , Read / Write Cycle 



refresh cycle refresh cycle 


Table 2 


Read / Write Cycle 

Read / Write-* 
Self Refresh 

Self Refresh-* 
Read / Write 

CBR distributed 
refresh 

tNSD^250yKS 

tSND^250y;<S 

RAS only 
distributed refresh 

tNSD^16yKS 

tSND^16yiS 



Definition of GBR distributed refresh 
(Including extended refresh^ 

The CBR distributed refresh performs more than 512 
constant period (250 /<s max.) CBR cycles within 128 ms. 


Definition of RAS only distributed refresh 


All combinations of nine row address signals (A o~A8 ) are 
selected during 512 constant period (16 /< s max.) RAS only 


refresh cycles within 8.2 ms. 


Note: 

Hidden ref resh may be used instead of C BR re fresh. 

RAS/CAS refresh may be used instead of RAS only refresh. 

1.1 CBR distributed refresh 

• Switching from read/write operation to self refre sh operation. 
The time inten/ai from the falling edge of RAS signal in the last 
CBR refresh c ycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within tNSO (shown in table 2). 


• Switching from self refresh operation to read /write operation. 
The time inten/al from the rising edge of RAS si gnal at the 
end of self refresh operation to the falling edge of RAS signal 
in the first CBR refresh cycle during read/write operation 
period should be set within tSNO (shown in table 2). 

1 2 RAS only distributed refresh 

• Switching from read/write operation to self refre sh op eration. 
The time interval tNSO from the falling edge of RAS signal in 
the last RAS only refresh cy cle d uring read/write operation 
period to the falling edge of RAS signal at the start of self 
refresh operation should be set within 16 yus. 

• Switching from self refresh operation to reacywri te op eration. 
The time interval tSNO from the rising edge of RAS sig nal at 
the end of self refresh operation to the falling edge of RAS 
signal in the first CBR refresh cycle during read/write 
operation period should be set within 16 yus. 
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MITSUBISHI LSIS 



M5M4V4265CTP-6,-7r6S,-7S 


SoiTie 




EDO (HYPER PAGE MODE) 4194304>BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 


2. Burst refresh during Read/Write operation 
(A) Timing diagram 


Read / Write 




Self Refresh 


Read / Write 


tNSB 


tRASSaiOO/rS 


tSNB 


RAS 





first refresh cycles 

refresh cycles 511 cycles 


Table 3 


Read / Write Cycle 

Read / Write-" 

Self Refresh 

Self Refresh-" 
Read / Write 

CBR burst 
refresh 

tNSB^ 8.2ms 

tSNB^8.2ms 

RAS only 
burst refresh 

tNSB-i-tSNB^8.2mS 


(B) Definition of burst refresh 


8 .2ms 





RAS ^ 

Definition of 

_a 

l/\J 

r 1 

refresh cycles 

512 cycles 

CBR burst refresh 

read/write cycles 


The CBR burst refresh performs more than 512 continuous 
CBR cycles within 8.2 ms. 


Definition of RAS only burst refresh 

All combination of nine row addr ess s ignals (Ao~A8) are 
selected during 512 continuous RAS only refresh cycles 
within 8.2 ms. 

2.1 CBR burst refresh 

• Switching from read/write operation to self refresh operation. 
The time intenral tNSB from the falling edge of RAS signal in 
the first CBR refresh c ycle during read/write operation period 
to the falling edge of RAS signal at the start of seif refresh 
operation should be set within 8.2 ms. 

• Switching from self refresh operation to read/write operation. 
The time interval tSNB from the rising edge of RAS s igna l at the 
end of self refresh operation to the falling edge of RAS signal 
in the last CBR refresh cycle during read/write operation 
period should be set within 8.2 ms. 


2.2 RAS only burst refresh 

• Switching from read/write operation to seif refresh operation. 
The time inten/al from the faliing edge of RAS signal in the 
first RAS only refresh cycle during read/write operation period 
to the falling edge of RAS signal at the start of self refresh 
operation should be set within tNSB (shown in table 3). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in 
the last RAS only refresh cycle during read/write operation 
period should be set within tsNB (shown in table 3). 
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MITSUBISHI LSIs 

M5M4161OOB J,TP-5,-6,-7 

FAST PAGE MODE 16777216-BIT (16777216-WORD BY 1-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 16777216-word by 1-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an Increase in system densities. 


PIN CONFIGURATION (TOP VIEW) 


(5V)Vcc E O 
DATA INPUT D E 

ncE 

WRITE CONTROL — rr 
INPUT W li 
ROW ADDRESS oAQ IT 
STROBE INPUT”^® li 


DATA OUTPUT 


I VSS(OV) 
iQ D, 
NC 


COLUMN ADDRESS 
1 STOnOBE INPUT 


FEATURES 


Type name 

RAS 

CAS 

Address 

Cycle 

Power 

dissipa¬ 

tion 

(typ.mW) 

time 

(max.ns) 

time 

(max.ns) 

lime 

(max.ns) 

time 

(mln.ns) 

M5M416100BXX-5 

50 

13 

25 

90 

495 

M5M416100BXX-6 

60 

IS 

30 

110 

405 

M5M416100BXX-7 

70 

20 

35 

130 

340 


ADDRESS 

INPUTS 


Alo E 

AoE 

Ai E 
A2 E 

As E 

(5V)Vcc E 


Outline 26P0D- 


C . I ADDRESS 
GiA7 7 inputs 


Vss(OV) 

B (300mil SOJ) 


• Standard 26 pin SOJ,26 pin TSOP 

• Single 5V ±10%supply 

• Low stand-by power dissipation 

M5M416100B.. • 5.5mW (Max)CMOS Input level 

• Low operating power dissipation 

M5M416100BXX-5 .. 605.0mW{Max) 

M5M4161 OOBxx- 6 • .... 495.0mW (Max) 

M5M4161 OOBxx- 7 .• 41 S.OmW (Max) 

•Fast-p age m ode , Read-modify-write,RAS-only refresh,CAS 
before RAS refresh and Hidden refresh capabilities 
•Early-write operation gives common I/O capability 
•All inputs, output TTL compatible and low capacitance 
•4096 refresh cycles every 64ms (Ao ~Ai i) 

APPLICATION 

Main memory unit for computers. Microcomputer memory,Refresh 
memory for CRT 


(5V)VccE O 

DATA INPUT D E 

ncE 

WRITE CONTROL 

INPUT W li 
ROW ADDRESS 0*0 Is 
STROBE INPUT ^ 


ADDRESS 

INPUTS 


Alo E 

I Ao E 

Al E 
Aa E 
^ As E 
(5V)Vcc El 


^Vss(OV) 

ilO DATA OUTPUT 

COLUMN ADDRESS 
221 OAb STOHOBE INPUT 

Unc 

iD Ao ^ 

Has 

ja A_ I ADDRESS 
f INPUTS 

3 As 
As 

i|A4 , 

i3Vss(0V) 


Outline 26P3D-E (300mil TSOP) 


NC: NO CONNECTION 


M5M416100BJ,TP-5: Under development 
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MITSUBISHI LSIs 

M5M4161OOBJ,TP-5,-6,-7 

FAST PAGE MODE 16777216-BIT (16777216-WORD BY 1-BIT) DYNAMIC RAM 


FUNCTION 

The M5M416100BJ, TP provide, in addition to normal read, write , functions, e.g., fast page mode, RAS-oniy refresh, and 

and read-modify-write operations, a number of other delayed-write. The input conditions for each are shown in Tablet. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Output 

Refresh 

Remark 


C^ 

W 

D 

Row 

address 

Column 

address 

Q 

Read 

ACT 

ACT 

NAC 

DNC 

APD 

APD 

VUJ 

YES 

Fast page 

mode 

identical 

Write (Early write) 

ACT 

ACT 

ACT 

APD 

APD 

APD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

APD 

APD 

APD 

IVD 

YES 

Read-modify-write 

ACT 

ACT 

ACT 

APD 

APD 

APD 

VLD 

YES 

RAS-oniy refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

DNC 

DNC 

DNC 

DNC 

VLD 

YES 


CAS before RAS refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

OPN 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note: ACT ; active, NAC: nonactive, DNC: don't care, VLD: vaiid, IVO: lnvalid,APD: applied, OPN : open 
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MITSUBISHI LSIs 

M5M416100BJ,TP-5,-6,-7 

FAST PAGE MODE 16777216-BIT (16777216-WORD BY 1-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 



Supply voltage 


Input voltage 


Output voltage 


Output current 


Power dissipation 


Operating temperature 
Storage temperature 



RECOMMENDED OPERATING CONDITIONS (Ta»0~ 7(yC, unless otherwise noted) (Note 1) 


Symbol 

Parameter 

Vcc 

Supply voltage 

Vss 

Supply voltage 

ViH 

High-level input voltage, all inputs 

ViL 

Low-level input voitage, all inputs 


Note 1 : All voltage values are with respect to Vss 





ELECTRICAL CHARACTERISTICS (TasO~ 70*C, Vcc>cSV± 10%, VsssOV, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

1201 


12291 ' 

VOH 

High-level output voltage 

loH»-5mA 

mm 



V 

VOL 

Low-level output voltage 

IOL34.2mA 



mm 

V 

loz 

Off-state output current 

Q floating OV^Vout^S.SV 

-10 


mm 

/rA 

It 

Input current 

OV^ Vin;S 6.0V, Other inputs pinssOV 

-10 


10 

;iA 

Icci (AV) 

Average supply current 
from Vcc 
operating 

(Note 3,4) 

MSM416100B-S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



110 

mA 

M5M416100B-6 



90 

MSM416100B-7 




7S 

|CC2 

Supply current from Vcc, 
stand-by 

(Notes) 


RAS= CAS »ViH, output open 



2 

mA 

MSM416100B 

CAS-W-Ao~Aii 2;Vcc -O.SV 
output open 

■ 

m 

■ 

|CC3(AV) 

Average supply current 
from Vcc 
refreshing 

(Note 3) 

MSM416100B-S 

RAS cycling, CASs Vih 

tHC=min. 

output open 



110 

mA 

MSM416100B-6 



90 

M5M416100B-7 



7S 

|CC4(AV) 

Average supply current 
from Vcc 

Fast-Page-Mode 

(Note 3,4) 

MSM416100B-S 

RASs<Vil. CAS cycling 

tpc>min. 

output open 



80 

mA 

MSM416100B-6 



70 

MSM416100B-7 



60 

|CC6(AV) 

Average supply current 

from Vcc _ 

CAS before RAS refresh 

mode (fjQjg 3) 

MSM416100B-S 




110 

mA 

MSM416100B-6 

tHC-min. 
output open 



90 

MSM416100B-7 




7S 

|CCS(AV) 

Averse supply current from 
Vcc Extended refresh 

(Notes) 

MSM416100B 

RAS cycling and CAS^0.2V or 

CAS before RAS refresh cycling 
Vcc-0.2V;SW=Ao~Ai i ,S0.2V 
output open, 

tRC>32 ft s,tFiAS>tRASmin-^ 1 /i s 

1 

■ 


mA 

|CC9(AV) 

Average supply current 
from Vcc 

Self-Refresh cycle (Note S) 

MSM416100B 

F{AS><CAS;S0.2V,output open 
Vcc-0.2V^W*Ao~Aii S0.2V 

■ 

■ 

1 

mA 



Note 2: Current flowing into an 1C is positive, out is negative. 

3: Icci (AV), Icc3 (AV), Icc4 (AV) and Icc6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 


4: Icc1 (AV) and Icc4 (AV) are dependent on output loading. Specified values are obtained with the output open. 


A MITSUBISHI 
ELECTRIC 


4-5 


























































































































MITSUBISHI LSIs 

M5M416100BJ,TP-5,-6r7 

FAST PAGE MODE 16777216-BIT (16777216.WORO BY 1-BIT) DYNAMIC RAM 


CAPACITANCE (Ta>0~ 70*C, Vcc«5V ±10%, Vss>0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 


Cl (A) 

Input capacitance, address Inputs 

VnVss 

fxIMHz 

Vi=25mVrms 



5 

PF 

Cl(D) 

Input capacitance, data input 



7 

PF 

Ci(W) 

Input capacitance, write control input 



7 

pF 

Cl(RA^ 

Input capacitance, RAS input 



7 

pF 

Cl (CAS) 

Input capacitance, CAS input 



7 

pF 

Co 

Output capacitance 



7 

pF 


SWITCHING CHA RACTERISTICS (Ta-O ~70rc, Voc«5V± 10%, Vss-OV, unless otherwise noted,see notes5,12,13) 





Limits 


Symbol 

Parameter 


M5M416100B-5 

M5M416100B-6 

M5M416100B-7 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tCAC 

Access time from UAS 

(Note 6,7) 


13 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note 6,8) 


50 


60 


70 

ns 

tAA 

Column address access time 

(Note 6,9) 


25 

' 

30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 6,10) 


30 


35 


40 

ns 

tcu 

Output low impedance time from CAS low 

(Note 6) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 11) 

0 

13 

0 

15 

0 

15 

ns 


Note 5: An initial pause of 500^ s is required after power-up foiiowed by a minimum of eight initialization cycles (any combination of cycles 
containin g a R AS ciock such as RAS-Only refresh); 

Note the RAS may be c ycled during the initial pause, And any 8 RAS or RAS/CAS cycles are required after prolonged periods 
(greater than 64 ms) of hAS inactivity before proper device operation is achieved. 

6 : Me 2 isured with a load circuit equivalent to 2TTL loads and 10OpF. 

7: Assumes that tRco Si tRco(nnx) and tAsc^ lASCtmu). 

8; Assumes that tRco ^ tRCD(max) and IraoS tRAOtmox). If tRCO or tRAO is greater than the maximum recommended vaiue shown in this table, 
tRAc will increase by amount that tnco exceeds the vaiue shown. 

9: Assumes that tRAok tRAD(max) and tASC^ tASC(tnax). 

10: Assumes that tcp^ tcp(max) and tAsci& tAsc(nHx). 

11: toFF(max) defines the time at which the output achieves the high impedance state (I louil £ 1 Qu A) and is not reference to 
VOH(min)OrVOL(inm). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 

(Ta=0'^ 70*C, Vccs5V± 10%, Vss=OV, uniess othenvise noted See notes 12,13) 


Symbol 

Pareuneter 

Limits 

Unit 

M5M416100B-5 

M5M416100B-6 

M5M416100B-7 

Min 

Max 

Min 

Max 

Min 

Max 

tREF 

Refresh cycle time 


64 


64 


64 

ms 

tREF 

Refresh cycle time 


128 


128 


128 

ms 

tRP 

RaS high pulse width 

30 


40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low (Notel 4) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


10 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


10 


ns 

tRAO 

Column address delay time from RAS low (Notel 5) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low (Notel 6) 

0 

10 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after FlAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

13 


15 


15 


ns 

tr 

Transition time (Notel 7) 

1 

50 

1 

50 

1 

50 

ns 


Note 12: The timing requirements are assumed tr =5ns. 

13: ViH(tnin) and ViMmax) are reference leveis for measuring timing of input signais. 

14: tRccKmax) is Specified as a reference point only. If tRco is less than tRCortnax). access time is tRAC. If tRco is greater than tRCD(max). access 
time is controlled exclusively by tCAC or tAA. tRCD(min) is specified as tRcoiirin) xstRAH(min) ■•■2tT-t-tASC(min). 

15: tRACHmax) is specified as a reference point only. If tRAO ^ tRAD(max) and tAsc;^ tASC(max), access time is controlled exclusively by tAA 
1 6: tASC(max) is Specified as a reference point only. If tRco ^ tRC0(mu<) and tAsdSt tASC(max). access time is controlled exclusively by tCAC. 

17: tr is measured between ViHtmin) and ViL(max). 
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MITSUBISHI LSIs 

M5M4161OOB J,TP-5,-6,-7 

FAST PAGE MODE 16777216-BIT (16777216-WORD BY 1-BIT ) DYNAMIC RAM 


Read and Refresh Cycles 


Symbol 

Parameter 

tRC 

Read cycle time 

tRAS 

Ras low pulse width 

tCAS 

CAS low pulse width 

tCSH 

CAS hold time after RAS low 

tRSH 

RAS hold time after CAS low 

tRCS 

Read Setup time before CAS low 

tRCH 

Read hold time after CAS high 

tRRH 

Read hold time after RAS high 

tRAL 

Column address to RAS hold time 



Note 18; Either tncH or tRRH must be satisfied for a read cycie. 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

twc 

Write cycle time 

tRAS 

Ras low pulse width 

tCAS 

CAS low pulse width 

tCSH 

CAS hold time after Ras low 

tRSH 

RAS hold time after CAS low 

twcs 

Write setup time before CAS low (Note 20) 

tWCH 

Write hold time after CaS low 

tcwu 

CAS hold time after W low 

tRWL 

RaS hold time after W low 

tWP 

Write pulse width 

tos 

Data setup time before CAS low or W low 

tOH 

Data hold time after CAS low or W low 


M5M416100B-5 


Max 


Limits 


M5M416100B-6 




Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

tRWC 

Read write/read modify write cycle time 

tRAS 

RAS low pulse width 

tCAS 

CAS low pulse width 

tCSH 

CAS hold time after RAS low 

tRSH 

RAS hold time after CAS low 

tRCS 

Read setup time before cAS low 

tcwo 

Delay time, CAS low to W low 

tRWD 

Delay time, RAS low to W low 

tAWO 

Delay time, address to W low 

tCWL 

CAS hold time after W low 

tRWL 

RaS hold time after W low 

tWP 

Write pulse width 

tos 

Data setup time before W low 

tDH 

Data hold time after W low 



Note 19: tRWC is specified as tRWC(minJ=tRAC(maxJ-l-tRWL(minJ-l-tRP(min)-t-3tT. 

20; twcs, tcwo,tRWD, tAwo and tcpwo are specified as reference points only. If twcs^twcs(min) the cycle is an ea,rly write cycle and the 
Q pins will remain high impedance throughout the entire cycle. If tcwo^tcwotmin). tnwD^tRwo (min). tAWD^tAWD(min) and tcpwo ^tcpwD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the Q will c ontain the data read from the selected address. 
If neither of the above condition (delayed write) of the Q (at access time and until CAS goes back to Vih ) is indeterminate. 
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MITSUBISHI LSIs 

M5M4161OOB J JP-5,-6r7 

FAST PAGE MODE 16777216-BIT (16777216-WORD BY 1-BIT) DYNAMIC RAM 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Not# 21 ) 





Limits 


Symbol 

Parameter 


M5M416100B-S 

M5M416100B-6 

M5M416100B-7 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 

35 


40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

53 


60 


70 


ns 

tRAS 

RA? iow pulse width for read write cycle 

(Note22) 

85 

125000 

100 


115 

125000 

ns 

top 

CAS high pulse width 

(Note23) 

8 

12 

10 

15 

10 

15 

ns 

toPRH 

RAS hold time after CAS precharge 

30 


35 


40 


ns 

topwo 

Delay time, CAS precharge to W low 

(Note20) 

30 


35 


40 


ns 


Note 21 r All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cyole. 
22: tRAS<min) iS specified as tHAS(min)=tCSH(minHtPC(mIn). 

23: tcp(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 24 ) 


Symbol 

Parameter 

Limits 

Unit 

M5M416100B-5 

M5M416100B-6 

M5M416100B-7 

Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 


10 


15 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 

Read hold time after RAS low 

10 


10 


15 


ns 


Note 24: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RaS refresh 
mode. 
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MITSUBISHI LSIs 


M5M4161OOB J,TP-5,-6,-7 


FAST PAGE MODE 16777216-BIT (16777216-WORD BY 1-BIT) DYNAMIC RAM 


TEST Mode SET Cycle 


Symbol 

Parameter 

1 Limits 

Unit 

1 M5M416100B-5 

1 M5M416100B-6 

1 M5M416100B-7 

Min 

Max 

Min 

Max 

Min 

Max 

tWSR 

V^setup time before RAS low 

10 


10 


10 


ns 

tWHR 

Whold time after RAS low 

10 


10 


15 


ns 


■>c 




■>c 


->r 


-K 


■>r 


7T 


W 


TT 


TT 


TT 


■» r~F5- 


W 


W 


W 


ITT 


W 


ITT 


ITT 


ITT 


■^CW 


■»i #7 h 


JUDGE )--»—O Q 
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MITSUBISHI LSIs 

M5M4161OOB J,TP-5r6r7 

FAST PAGE MODE 16777216-BIT (16777216-WORD BY l-BIT) DYNAMIC RAM 


Timing Diagrams (Note 25) 
Read Cycle 


tRPC tCRP 



jRAHj 






PI 

, tCPN 



1 • ROW ' 

1 ADDRESS, 


COLUMN ' 

, ADDRESS , 





tRCS M- 

— 


1 

tRCH 

4- 


tRRH 


ROW 

ADDRESS 


DATA VALID 


Indicates the don't care input. 
ViH(min)^ViN£ViH(max) or ViL(min)^ViN^ViL(max) 

Indicates the invaiid output. 
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M5M416100BJJP-5r6r7 

FAST PAGE MODE 16777216-BIT (16777216-WORD BY 1-BIT) DYNAMIC RAM 
Write Cycle (Early write) 
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MITSUBISHI LSIs 

M5M416100BJJP-5r6r7 

FAST PAGE MODE 16777216-BIT (16777216-WORD BY 1-BIT) DYNAMIC RAM 


TEST Mode SET Cycle (Note 27) 


RAS 


VlH- 

VlL- 





tRP 


/ 




CAS 


VlH- 

VlL- 


Ao~Aii 


VlH- 

VlL- 


W 


D 


Q 


VlH- 

VlL- 




Note 27: The test mode function is initiated by a W and CAS before RAS cycie (WCBR cycle) as specified in ti ming diagram. 

The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 
During the test mode, the device is internally organized as 16 bits wide (1M bytes depth). No addressing of CA11, CA10, CA1 
and CAO is required. 

During a write cycle, data on D (input) pin is written into 16 bits memory cells. During a read cycle, Q (output) pin shows the 
test result of the 16 bit. High state indicates that they are same. Low state indicates that they are not same. 

During the test mode operation, WCBR cycle can be used to perform refresh. 
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MITSUBISHI LSIs 

M5M416400BJ,TP-5,-6,-7,-58,-63,-78 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 4194304-word by 4-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation , and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 


PIN CONFIGURATION (TOP VIEW) 


(5V)Vcc E O 
PA rcoi E 
rs LdQ 2 E 


DATA rcoi E 
INPUTS/-^ ^ 

OUTPUTS LDQa E 

VmtTE CONTROL ^ IT 
INPUT W li 
ROW ADDRESS raq IT 
STROBE INPUT 12 


^ Vss(OV) 

^ DQ4'| data 

rlNTPUTS/ 
^DQsJ OUTPUTS 

^ COLUMN ADDRESS 

PI CAS STOROBE INPUT 
S 7^ OUTPUT ENABLE 
^ INPUT 


FEATURES 



RAS 

^1 

Address 

OE 

Cycle 

Type name 

time 

(max.ns) 

time 

(max.ns) 

time 

(max.ns) 

time 

(max.ns) 

time 

(rnin.ns) 

M5M416400BXX-5,-5S 

50 

13 

25 

13 

90 

M5M416400BXX-6,-6S 

60 

15 

30 

15 

110 

M5M4ie400BXX-7,-7S 

70 

20 

35 

20 

130 



405 


ADDRESS, 
INPUTS 


A1 

Ae 

,.A3 

(5V)VCC 


As 

in At >• |5 

□ As 

iil As 
jH A4 ^ 
iSl vss(ov) 


ADDRESS 

INPUTS 


Outline 26P0D - B (SOOmil SOJ) 


•Standard 26 pin SOJ,26 pin TSOP 
•Single 5V ±10%supply 
•Low stand-by power dissipation 

M5M416400B.. • 5.5mW (Max)CMOS Input level 

M5M416400B(S).2.2mW (Max)CMOS Input level 

•Low operating power dissipation 

M5M416400BXX- 5,- 5S.605.0mW (Max) 

M5M416400BXX- 6,- 6S.495.0mW (Max) 

M5M416400Bxx-7,-7S.. • • 41 S.OmW (Max) 

•Fast-p age mode , Read-modify-write,RAS-only refresh,CAS 
before RAS refresh. Hidden refresh and Self refresh capabilities 
•Earty-write mode and OE to control output buffer impedance 
•All inputs, output TTL compatible and low capacitance 
•4096 refresh cycles every 64ms (Ao ~Ai i) ^ 

•4096 refresh cycles every 128ms (Ao ~Aii) 

•: Applicable to self refresh version only 

APPLICATION 

MEdn memory unit for computers. Microcomputer memory, Refresh 
memory for CRT 


(5V)Vcc E 
DATA r DQl E 
OUTPUTS LDQ2 E 

""-TE CONTROL ^ 

ROW ADDRESS fT 

STROBE INPUT 12 


ADDRESS. 
INPUTS 


^ VssfOV) 

^dqa'I data 

rlNTPUTS/ 

23 003 J OUTPUTS 

^ r&Q COLUMN ADDRESS 
21 STOROBE INPUT 

53^ OUTPUT ENABLE 
sa INPUT 


iTi, I ADDRESS 
HJAt 7 inputs 

j^As 

IsJas 

iIIaa j 

iSlvssfov) 


(5V)Vcc E H p 4]Vss(0V) 

Outline 26P3D - E(300mil TSOP) 


M5M416400BJ,TP-5, -5S : Under development 
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MITSUBISHI LSIs 

M5M416400BJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


FUNCTION 

The M5M416400BJ, TP provide, in addition to normal read, write, functions, e.g., fast page mode, RAS-only refresh, and 
and read-modify-write operations, a number of other delayed-write. The inputeonditions for each are shown in Tablet. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Oulput 

Refresh 

Remark 



W 

n 

Itu 

lo 



Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Past page 

mode 

identical 

Write (Early write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

APD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

APD 

IVD 

YES 

Read-modlfy-write 

ACT 

ACT 

ACT 

ACT 

APD 

APD 

APD 

VU3 

YES 

RAS-only refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

DNC 

ACT 

DNC 

DNC 

OPN 

VLD 

YES 


cAS before RAS refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note : ACT: active, NAC: nonactive, DNC : don't care, VLO; valid, IVO : lnvalld,APD : applied, OPN : open 
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MITSUBISHI LSIs 

M5M416400BJ,TP-5,-6,-7,-58,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Vcc 

Supply voltage 

Vi 

Input voltage 

Vo 

Output voltage 

lo 

Output current 

Pd 

Power dissipation 

Topr 

Operating temperature 

Tstg 

Storage temperature 


Conditions 

Ratings 

Unit 


-1~ 7 

V 


With respect to Vss 



-1 


~ 7 
~ 7 
50 
1000 



0 ~ 


-65~ 




RECOMMENDED OPERATING CONDITIONS (Ta=o 70*C, unless otherwise noted) (Notei) 


Symbol 

Parameter 

Vcc 

Supply voltage 

Vss 

Supply voltage 

ViH 

High-level input voltage, all Inputs 

ViL 

Low-level Input voltage, all inputs 


Note 1 : All voltage values are with respect to Vss 




ELECTRICAL CHARACTERISTICS (Ta=o 70*C, Vcc=5V ±10%, Vss=0V, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 

Min I 



VOH 

High-level output voltage 

loH— 5mA 

EOil 

hh 


VOL 

Low-level output voltage 

loL*>4.2mA 

0 

HHI 

KOI 

loz 

Off-state output current 

Q floating OVsiVouT^S.SV 

-10 


10 

h 

Input current 

OV^ViN i 6.0V, Other inputs pinss^OV 

-10 


10 

|CC1 (AV) 

Average supply current 
from Vcc 
operating 

(Note 3,4) 

M5M416400B-5,-5S 

RAS, CAS cycling 



110 

M5M416400B-6,-6S 

tRC=twc»min. 
output open 



90 

M5M416400B-7,-7S 



75 

|CC2 

Supply current from Vcc, 
stand-by 

(Note 5) 


RAS- CAS -ViH, output open 



2 


MSS- ^-5M-W=Ao~Ai 1 2; Vcc -0.5V 
output open 



1 

M5M416400B(S) 



nog 

|CC3(AV) 

Average supply current 
from Vcc 
refreshing 

(Note 3) 

MSM416400B-S,-5S 




110 

M5M416400B-6,-6S 

tne-mfn. 
output open 



90 

M5M416400B-7,-7S 



75 

|CC4(AV) 

Average supply current 
from vcc 

Fast-Page-Mode 

(Note 3,4) 

M5M416400B-5,-5S 

RAS-Viu CaS cycling 

tpc-min. 

output open 



80 

M5M416400B-6,-6S 



70 

M5M416400B-7,-7S 



60 

|CC6(AV) 

Average supply current 

from Vcc _ 

CAS before RASrefresh 
mode 

(Note 3) 

MSM416400B-5,-5S 

CAS before RAS refresh cycling 

tnc=min. 

output open 



110 

M5M416400B-6,-6S 



90 

M5M416400B-7,-7S 




75 

ICCSfAV) 

Aver^ supply current from 
Vcc Extended refresh 

(Note 5) 

M5M416400B(S) 

RAS cycling and CAS^0.2V or 

CAS before RAS refresh cycling 
Vcc-0.2V^ OE-W-Ao~ Ai i i0.2V 
output open, 

tRC=32;<s,tRAS»tRASmin~1 us 

■ 

■ 

mu 

|CC9 (AV) 

Average supply current 
from vcc 

Self - Refresh cycle (Note 5) 

M5M416400B(S) 

RAS-CAS^0.2V,output open 
Vcc-0.2V^OE=W=Ao~Aii ^0.2V 

■ 

■ 

H 



Note 2: Current flowing into an 1C is positive, out is negative. 

3: led (AV), Icc3 (AV), Icc4 (AV) and Icc6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: led (AV) and Icc4 (AV) are dependent on output loading. Specifi^ values are obtained with the output open. 
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MITSUBISHI LSIs 

M5M416400BJ,TP-5,-6,-7,-53,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~ 70®C, Vcc-SVi 10%, Vss=OV, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

BQH 


Cl (A) 

Input capacitance, address inputs 

VnVss 

f^xIMHz 

Vi=25mVrms 



5 

PF 

Ci(5i) 

Input capacitance, 5E input 



7 

pl- 

Ciw 

Input capacitance, write control input 



7 

pF 

Ci(Ri^ 

Input capacitance, HAS input 



7 

pF 

Cl (CAS) 

Input capacitance, CAS input 



7 

pF 

Ci/o 

Input/Output capacitance, data ports 



7 

pF 


SWITCHING CHARACTERISTICS (Ta«0~ 70*C, Vcc»5V± 10%, Vs8=0V, unless othenwise noted,see notes5,12,13) 





Limits 


Symbol 

Parameter 


M5M416400B-5,-5S 

M5M416400B-6,-6S 

M5M416400B-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tCAC 

Access time from CAs 

(Note 6,7) 


13 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note 6,8) 


50 


60 


70 

ns 

tAA 

Column address access time 

(Note 6,9) 


25 


30 


35 

ns 

tCPA 

Access time from CAs precharge 

(Note 6,10) 


30 


35 


40 

ns 

tOCA 

Access time from CE 

(Note 6) 


13 


15 


20 

ns 

tCLZ 

Output low impedance time from CAS low 

(Note 6) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 11) 

0 

13 

0 

15 

0 

15 

ns 

tOEZ 

Output disable time after OE high 

(Note 11) 

0 

13 

0 

15 

0 

15 

ns 


Note 5: An initial pau se of S00;n s is req uired a fter power-up foliowed by a minimum of eight initialization cycles (any combination of cycles 
containingaRAS clock such as RAS-Only refresh). _ 

Note the HAS may be cycl^ during the initial pause. And any SftAS or ftAS/CAS cycles are required after prolonged periods 
(greater than 64 ms) of HAS inactivity before proper device operation is achieved. 

6: ^^asured with a load circuit equivalent to 2TTL loads and lOOpF. 

7: Assumes that tnco ^ tRCDtimx) and tAsc is; tASCtmu). 

8: Assumes that tnco ^ tRCD(max) and tRAO^itRAOtimx). If tncD ortRAO is greater than the maximum recommended value shown in this table, 
tRAc will increase by amount that tnco exceeds the value shown. 

9: Assumes that tRAD ^ tRAOtmax) and tASC^ tASC(max). 

10: Assumes that tcp ^ tcP(maii) and tAsc^ tAsccinax). 

11: toFF(m«() and toEZ (mu) defines the time at which the output achieves the high impedance state (I louti ^ 10/x A) and is not reference to 
V0H(mln) OrVoUmax). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 

(Tas:0~ 70*0, Vcc-£V± 10%, Vs&sOV, unless otherwise noted See notes 12,13) 





Limits 


Symbol 

Parameter 


M5M416400B-5,-5S 

M5M416400B-6,-6S 

M5M416400B-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


64 


64 


64 

ms 

tHEF 

Refresh cycle time * 


128 


128 


128 

ms 

tRP 

RAS high pulse width 

30 


40 


50 


ns 

tRCO 

Delay time, RAS low to CAS low 

(Note14) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


10 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


10 


ns 

tRAO 

Cotumn addre&s delay time from RAS low 

(Note15) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column addrefis setup time before CAS low 

(Note16) 

0 

10 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after HAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

13 


15 


15 


ns 

tozc 

Delay time, data to CAS low 

(Note17) 

0 


0 


0 


ns 

tozo 

Delay time, data to OE* low 

(Note17) 

0 


0 


0 


ns 

tcoo 

Delay time, CAS high to data 

(Note18) 

13 


15 


15 


ns 

tooo 

Delay time, T3E high to data 

(Note18) 

13 


15 


15 


ns 

tr 

Transition time 

(Note19) 

1 

50 

1 

50 

1 

50 

ns 


Note 12: The timing requirements are assumed tr«5ns. 

13: VtH(min) ai^ ViL(max) are reference levels for measuring timing of input signals. 

14: lRCD(inax) Is specifi^ as a reference point only. If tRco is less than tRcotmax). access time is tRAC. If Ircd is greater than tRcp(tnax), access 
time is controlled exclusively by tcAC or tAA. tRCO(min) is specified as tRCD(min) >tnAH(min) +2tH+tASC(tDin). 

IS: tRA0(max) is Specified as a reference point only. If Iraq^ tRAOtmax)and tAsc;Si tAsc(max), access time is controlled exclusively by tAA. 

16: tAsc(inax) is Specified as a reference point only. If tRco^ tRCO(rrax}and tAsc&tAscdnn). access time is controlied exclusively by tCAC. 

17: Either tozc or tozo must be satisfied. 

18: Either tcoo or tooo must be satisfied. 

__J9ijTte_meaguredJbetjjmen^/iHjniiroand^/ii£jaxjj____^_^^_^_______^_^___^^ 
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MITSUBISHI LSIs 

M5M416400BJ,TP-5r6r7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M416400B-5,-5S 

M5M416400B-6,-6S 

M5M416400B-7.-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

90 


110 


130 


ns 

tRAS 

ftAS low pulse width 

50 

10000 

60 

10000 

70 

10000 

ns 

tCAS 

CAS iow pulse width 

13 

10000 

15 

10000 

20 

10000 

ns 

tCSH 

CAS hold time after RAS low 

SO 


60 


70 


ns 

tRSH 

RAS hold time after CAS low 

13 


15 


20 


ns 

tncs 

Read Setup time before CAS low 

0 


0 


0 


ns 

tncH 

Read hold time after CAS high (Note 20) 

0 


0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 20) 

10 


10 


10 


ns 

tRAL 

Column address to RAS hold time 

25 


30 


35 


ns 

tOCH 

CAS hold time after ^ low 

13 


15 


20 


ns 

tORH 

RAS hold time after GE low 

13 


15 


20 


ns 


Note 20: Either tRCH or tRRH must be satisfied for a read cycle. 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

MSM416400B-5,-5S 

M5M416400B-6,-6S 

M5M416400B-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

two 

Write cycle time 

90 


110 


130 


ns 

tRAS 

RAS low pulse width 

50 

10000 

60 

10000 

70 

10000 

ns 

tCAS 

CAS low pulse wjdth 

13 

10000 

15 

10000 

20 

10000 

ns 

tCSH 

CAS hold time after RAS low 

50 


60 


70 


ns 

tRSH 

RAS hold time after CAS low 

13 


15 


20 


ns 

twcs 

Write setup time before CA6 low (Note 22) 

0 


0 


0 


ns 

tWCH 

Write hold time after CAS low 

8 


10 


10 


ns 

tCWL 

CAS hold time after W low 

13 


15 


20 


*ns 

tRWL 

RAS hold time after W low 

13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


10 


ns 

tos 

Data setup time before CAS low or W low 

0 


0 


0 


ns 

tOH 

Data hold time after CAS low orW low 

8 


10 


15 


ns 

tOEH 

CE hold time after'W low 

13 


15 


20 


ns 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M416400B-5,-5S 

M5M416400B-6,-6S 

M5M416400B-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tnwc 

Read write/read modify write cycle time (Note21) 

131 


155 


180 


ns 

tRAS 

RAS low pulse width 

91 

10000 

105 

10000 

120 

10000 

ns 

tCAS 

CASlow pulse width 

54 

10000 

60 

10000 

70 

10000 

ns 

tCSH 

CaS hold time after RAS low 

91 


105 


120 


ns 

tRSH 

RAS hold time after CAS low 

54 


60 


70 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tcwo 

Delay time, CAS low to Wlow (Noto22) 

36 


40 


45 


ns 

tRWD 

Delay time, RAS low to W low (Note22) 

73 


85 


95 


ns 

tAWD 

Delay time, address to Wiow (Note22) 

48 


55 


60 


ns 

tCWL 

CAS hold time after Wlow 

■ 13 


15 


20 


ns 

tnwL 

RAS hold time after W low 

13 


15 


20 


ns 

tWP 

Write pulse wdth 

8 


10 


10 


ns 

tos 

Data setup time before W low 

0 


0 


0 


ns 

tOH 

Data hold time after W low 

10 


10 


15 ^ 


ns 

tOEH 

OE hold time after W low 

13 


15 


15 


ns 


Note 21: tHWC is specified as tRWC(min)=tRAC(inax)-«-tOOD(mln)+tRWL(min)-«-tRP(min)-«-5tT. 

22: twcs, tcwD.tRWD arKf tAwo and.tcpwo are specified as reference points only. If twcs^ twcs(inin) the cycle is an early write cycle and the 
DQ pins will remain high imp^ance throughout the entire cycle. If tcwo^tcwoimin). tRwoi^tRWD (min), tAWD^tAWO(tnin) and tcpwo^tcpwocmin) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will co ntain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to Vih ) is indeterminate. 


4-26 


A MITSUBISHI 
ELECTRIC 




MITSUBISHI LSIs 

M5M416400BJ,TP-5r6,-7r5Sr6Sr7S 

FAST PAGE MODE 16777216-BIT ( 4194304-WORD BY 4-BIT) DYNAMIC RAM 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23 ) 





Limits 


Symbol 

Parameter 


M5M416400B-S,-SS 

M5M416400B-6,-6S 

M5M416400B-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 

35 


40 


45 


ns 

tPRWC 

Fast page mode read wrlte/Tead modify write cycle time 

76 


85 


95 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note24) 

85 

125000 

100 

125000 

115 

125000 

ns 

tCP 

CAS high pulse width 

(Note25) 

8 

12 

10 

15 

10 

15 

ns 

tCPRH 

RAS hold time after CAS precharge 

30 


35 


40 


ns 

tCPWD 

Delay time, CAS precharge to W low 

(Note22) 

S3 


60 


65 


ns 


Note 23: All previously specified timing requir emen ts and switching characteristics are applicable to their respective fast page mode cycie. 
24: tRAS(min) IS specified as two cycies of CAS input are performed. 

25: tcp(inu) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 26 ) 


Symbol 

Parameter 

Limits 

Unit 

M5M416400B-5,-5S 

M5M416400B-6,-6S 

M5M416400B-7.-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 


10 


15 


ns 

tRSR 

Read setup time before RAS low 

10 


10 

jjSSjjj 

10 


ns 

tRHR 

Read hold time after RAS low 

10 


10 


15 


ns 


Note 26: Eight or more CAS before RAS cycies instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 


Seif Refresh Cycie 


Symbol 

Parameter 

Limits 

Unit 

M5M416400B-5S 

M5M416400B-6S 

M5M416400B-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRASS 

Self Refresh RAS low pulse width 

100 


100 


100 


yrs 

tRPS 

Self Refresh RAS high precharge time 

90 


110 


130 


ns 

tCHS 

Self Refresh flAS hold time 

-50 


-50 


-50 


ns 

tRSR 

Read setup time before RaS low 

10 


10 


10 


ns 

tRHR 

Read hold time after RAS low 

10 


10 


15 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

The iast / first fuil refresh cycles (4K) must be made within tNS / tSN before / after self refresh , on the condition of 
tNS^ 64 ms and tSN ^ 64 ms. 




♦I 

TTTT 


DISTRIBUTED REFRESH 
< 4K / 64 ms > 


DISTRIBUTED REFRESH 
<4K/64ms> 


(2) In case of burst refresh 

The last / first full refresh cycles (4K) must be made within tNS / tSN before / after self refresh , on the condition of 
tNS + tSN ^ 64 ms. 


1—n—m—i 

BURST REFRESH 
<4K/64ms> 


tSN 


BURST REFRESH 
<4K/64ms> 
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M5M416400BJ,TP-5,-6,-7,-58,-6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


TEST Mode SET Cycle 


Symbol 

Parameter 

Limits 

Unit 

MSM416400B-5.-5S 

M5M416400B-6,-6S 

M5M416400B-7.-7S 

Min 


Min 


Min 


tWSR 

ViTsetup time before Pas low 

10 


10 


10 


ns 

tWHR 

W hold time after RAS low 

10 


10 


15 


ns 


DQi 


DQ2 


DQs 


DQ4 o- 


■¥T 




TT 


•» r-¥T 


TET 


•» rnrr 


TT 




-Hzn: 


■» r~w 


■» r~gTT 




Tnr 


-> r~gTT 


ITT 




-{ judge")—>- 


—( judge"^ 


JUDGE y 


—( JUDGE )—>■ 


O DQi 


O DQ2 


O DQ3 


O DQ4 
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tDS 1 

Hi-Z 
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RAS-only Refresh Cycle 




DQi~DQ4 “ 

(INPUTS) viL - 


DQi~DQ4 Voh - 
(OUTPUTS) voL - 


OE 


VlH- 

VlL- 



Hi-Z 
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CAS before RAS Refresh Cycle 


_ 

VlH- 

RAS 

Viu- 

^AS 

VlH- 


VlL- 


VlH- 

Ao~Ai 1 

VlL- 


VlH- 

W 

VlL - 

DQi~DQ4 

VlH- 

(INPUTS) 

VlL- 

DQi~DQ4 

VOH - 

(OUTPUTS) 

VOL - 


VlH- 

OE 

VlL- 



4 - 34 


A MITSUBISHI 
ELECTRIC 






MITSUBISHI LSIs 

M5M416400BJ,TP-5,-6r7,-5S,-6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 28 ) 



Ao~Ail 

ViL 


ViH 

W 

ViL 

DQi~DQ4 

ViH 

(INPUTS) 

DQi~DQ4 

VOH 
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Fast Page Mode Write Cycle (Early Write) 




DQi~DQ4 Voh- Hi-Z 

(OUTPUTS) voL - 
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Self Refresh Cycle 


RAS 


VlH- 
VlL - 


CAS 


VlH- 
VlL - 


Ao~Aii 


VlH- 
VlL - 


w 


VlH- 

VlL- 


DQi~DQ4 

(INPUTS) 


ViH- 

VlL- 


DQi~DQ4 “ 

(OUTPUTS) voL - 













MITSUBISHI LSIs 

M5M416400BJ,TP-5,-6,-7,-58,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


TEST Mode SET Cycle (Note 29) 



VlH- 

RAS 

ViL- 


VlH- 


VlL- 


VlH- 

Ao~Alt 

ViL- 


VlH- 

W 

VlL- 

DQi~DQ4 

VlH- 

(INPUTS) 

VlL- 

DQi~DQ4 

VOH - 

(OUTPUTS) 

VOL “ 


VlH- 

OE 

VlL- 



Note 29: The test mode function is initiated by a W and CAS before RAS cycie (WCBR cycle) as specified in timi ng dia gram. 

The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 

During the test mode, the device is internally organized as 16 bits wide (1M bytes depth). No addressing of CAO, CA1 is required. 

During a write cycie, data must be applied to all DQ (input) pins. The data can be different between DQ pins. The data on each OQ pin is written 
into 4 bits memory cells, respectively. During a read cycle, pach DQ (output) pin shows the test result of the 4 bits, respectively. High state 
indicates that they are same. Low state indicates that they are not same. 

During the test mode operation, WCBR cycle can be used to perform refresh. 
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M5M416400CJ,TP-5,-6,-7, 
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^ FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 4194304-worcl by 4-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideai 
for iarge-capacity memory systems where high speed, iow power 
dissipation, and low costs are essential. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 


RAS 

CAS 

Address 

OE 

access 

access 

access 

access 

time 

time 

time 

time 

(max.ns) 

(max.ns) 

(max.ns) 

(max.ns) 


mm 

mm 

mm 

■m 

jmm 




20 

35 . 

20 


time dissipa¬ 
tion 


Type name 


M5M416400CXX-5,-5S 


M5M416400CXX-6,-6S 


M5M416400CXX-7,-7S 


XX=J,TP 


•Standard 26pin SOJ, 26pin TSOP 
•Single 5V±10% supply 
•Low stand-by power dissipation 

5.5mW (Max)--CMOS Input level 

2.2mW (Max)*..CMOS Input level 

•Low operating power dissipation 

M5M416400Cxx-5,-5S- 605.0mW (Max) 

M5M416400Cxx-6,-6S-- - -. 495.0mW (Max) 

M5M416400Cxx-7,-7S..415.0mW (Max) 

•Self refresh capability * 

self refresh current- - --200.0 fj. A(Max) 

• Fast- page mode , Read-modify-write, RAS-only refresh 
•CAS before RAS refresh. Hidden refresh capabilities 
Early-write mode and OE to control output buffer impedance 
• All inputs, output TTL compatible and low capacitance 
•4096 refresh cycles every 64ms (Ao~Aii) 

* Applicable to self refresh version(M5M416400CJ,TP-5S,-6S,-7S 
:option) only 


APPLICATION 

Main memory unit for computers. Microcomputer 
memory for CRT 


memory. Refresh 


PIN CONFIGURATION (TOP VIEW) 

Vcc [T O 
DQl [T 
DQ2 [J 





Outline 26P0D-B (300mil SOJ) 



Outline 26P3D-E (300mil TSOP) 


PIN DESCRIPTION 
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M5M416400CJ,TP-5,-6,-7,-5Sr6S,-7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


FUNCTION 

The M5M416400CJ, TP provide, in addition to normal read, write, e.g., fast page mode, RAS-only refresh, and delayed-write. The 

and read-modify-write operations, a number of other functions, input conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

Remark 

HSU 

CAS 

■Oi 




Input 


Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Fast 

Write (Early write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

page 


ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 

mode 


ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

identical 

RAS-only refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

NAC 

ACT 

APD 

DNC 

OPN 

VLD 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 



ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


1 Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note : ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : invalid, APD : applied, OPN : open 


BLOCK DIAGRAM 
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FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

■■■ESSiSSHI 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-1~7 

V 

Vi 

Input voltage 

-1~ 7 

V 

Vo 

Output voltage 

-1 — 7 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25‘’C 

1000 

mW 

Topr 

Operating temperature 


0-70 

'C 


Storage temperature 


-65- 150 

*0 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70''C, unless otherwise noted) (Note l) 


Symbol 

Parameter 

Vcc 


Vss 


VIH 

High-level input voltage, all inputs 

VIL 

Low-level input voltage, all inputs 



Note 1: All voltage values are with respect to Vss. 

**: VlL(nnin.) is -2.0M When undershoot width is iess than 25ns. (Undershoot width is with respect to VSS.) 


ELECTRICAL CHARACTERISTICS (Ta=0~70 ’C, Vcc=5V ±10%, Vss=0V, unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits ' 1 

Unit 

Min 

B9 

Max 

VOH 

High-level output voltage 

IOH=-5.0mA 

2.4 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=4.2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating 0 V^Vout^5.5V 

-10 


10 

aa 

11 

Input current 

OV ^ViN ^ 5.5V. Other inputs oins=0V 

-10 


10 

aA 

ICC1 (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4) 

M5M416400C-5,-5S 

RAS, CAS cycling 
tRC=twc=mih. 
output open 



110 

mA 

M5M416400C-6,-6S 



90 

M5M416400C-7,-7S 



75 

|CC2 

Supply current from Vcc, stand-by (Note 5) 

RAS= CAS =ViH, output open 



2 

mA 

R^= Vcc-0.2V 



0.5 

|CC3(AV) 

Average supply current 
from Vcc, refreshing 

(Note 3) 

M5M416400C-5,-5S 

RAS cycling, CAS= ViH 

tRC=min. 

output open 



110 

mA 

M5M416400C-e,-6S 




M5M416400C-7,-7S 



75 

|CC4(AV) 

Average supply current 
from Vcc, Fast-Page- 
Mode (Note 3,4) 

M5M416400C-5,-5S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



80 

mA 

M5M416400C-6,-6S 



70 

M5M416400C-7,-7S 



60 

|CC6(AV) 

Average supply current 
from Vcc, CAS before RAS 
refresh mode (Note 3) 

M5M416400C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



110 

mA 

M5M416400C-6,-6S 



,90 

M5M416400C-7,-7S 



75 


Note 2: Current flowing into an iC is positive, out is negative. 

3: ICC 1 (AV), ices (AV), iCC4 (AV) and ICC6 (AV) are dependent on cycie rate. Maximum current is measured at the fastest cycie rate. 
4: iCCi (AV) and ICC4 (AV) are dependent on output ioading. Specified values are obtained with the output open. 


CAPACITANCE (Ta=0-70’C, Vcc=5V±10%, Vss=0V, unless otherarise noted) 


Parameter 

Test conditions 

Input capacitance, address inputs 


Input capacitance, OE input 

Vi=Vss 

f-IMHz 

Input capacitance, write control input 

Input capacitance, RAS input 

Vi-25mVrms 

Input capacitance, CAS input 


Input/Output capacitance, data ports 
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SWITCHING CHARACTERISTICS (Ta=0~70‘C, Vcc=5V±10%, Vss=0V, unless otherwise noted, see notes 5,12,13) 





Limits 


Symbol 

Parameter 


M5M416400C-5,-5S 

M5M416400C-6,-6S 

M5M416400Ct7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tCAC 

Access time from CAS 

(Note 6,7) 


13 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note 6,8) 


50 


60 


70 

ns 

tAA 

Coiumn address access time 

(Note 6,9) 


25 


30 


35 

ns 

tCPA 

Access time from CAS orecharae 

(Note 6,10) 


30 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 6) 


13 


15 


20 

ns 

tCLZ 

Output iow impedance time from CAS iow 

(Note 6) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 11) 

0 

13 

0 

15 

0 

15 

ns 

tOEZ 

Output disabie time after OE high 

(Note 11) 

0 

13 

0 

15 

0 

15 

ns 


Note 5:An initial pause of 500;« s is required after power-up followed by a minimum of eight initialization RAS cycles. The initialization cycles should be done 
either by RAS -only refresh cycles or by CaS before RAS refresh cycles only. 

Note the Ras may be cycled during the initial pause. And any 8 HAS or RAS/CAS cycles are required after prolonged periods (greater than 64ms) of 
RAS inactivity before proper devic e operation is achieved. 

After the initialization cycles, RaS should be kept either higher than VlH(min) or lower than VlL(max) except RAS transition time. 

6;Measured with a load circuit equivalent to 2TTL loads and tOOpF. 

7:Assumes that tRCD^tRCD(max) and tASC^tASC(max). 

8:Assumes that tRCD StRCD(max) and tRAD^ tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC will 
increase by amount that tRCD exceeds the value shown. 

9;Assumes that tRAD ^tRAD(max) and tASC StASC(tnax). 

10:Assumes that tCP^tCP(max) and tASC fetASC(max). 

11 :tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (lOUT ±10// A |) and is not reference to VOH(min) 
or VOL(max). 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 

(Ta=0~70”C, Vcc=5V± 10%, Vss=0V, unless otherarise noted, see notes 12,13) 





Limits 


Symboi 

, Parameter 


M5M416400C-5,-5S 

M5M41640006,-6S 

M5M416400C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


64 


64 


64 

ms 

tRP 

RAS high pUise width 

30 


40 


50 


ns 

tRCD 

Deiay time, RAS iow to CAS iow 

(Note 14) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Deiay time, CAS high to RAS iow 

10 


10 


10 


ns 

tRPC 


0 


0 


0 


ns 

tCPN 

CAS high puise width 

10 


10 


10 


ns 

tRAD 

Coiumn address deiay time from RAS low 

(Note 15) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 16) 

0 

10 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

13 


15 


15 


ns 

tDZC 


(Note 17) 

0 


0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 17) 

0 


0 


0 


ns 

tCDD 

Delay time, CAS high to data 

(Note 18) 

mm 


15 


15 


ns 

tODD 

Delay time, OE high to data 

(Note 18) 

13 


15 


15 


ns 

tT 

Transition time 

(Note 19) 

1 

50 

1 

50 

1 

50 

ns 


Note 12:The timing requirements are assumed tT=5ns. 

13:VIH(min) and VlL(max) are reference levels for measuring timing of input signals. 

14:tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 


controlled exclusively by tCAC or tAA. tRCD(min) is specified as tRCD(min) =tRAH(min) +2tH+tASC(min). 

15:tRAD(max) is specified as a reference point only. If tRAD ^tRAD(max) and tASC ^ tASC(max), access time is controlled exclusively by tAA. 

16:tASC(max) is specified as a reference point only. If tRCD StRCD(max) and tASC ^ tASC(max), access time is controlled exclusively by tCAC 
17; Either tDZC or tDZO must be satisfied. 

18: Either tCDD ortODD must be satisfied. 

19:tT is measured between VlH(min) and VIL(max). 
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Read and Refresh Cycles 


Symbol 

Parameter 

tRC 

Read cycle time 

tRAS 

RAS low pulse width 

tCAS 

CAS low pulse width 

tCSH 

CAS hold time after RAS low 

tRSH 

R^ hold time after CAS low 

tRCS 

Read setup time after CAS high 

tRCH 

Read hold time after CAS low 

(Note 20) 

tRRH 

Read hold time after RAS low 

(Note 20) 

tRAL 

Column address to RAS hold time 

tOCH 

CAS hold time after OE low 

tORH 

RAS hold time after OE low 



Note 20: Either tRCH or tRRH must be satisfied for a read cycle. 


Write Cycle (Early Write and Delayed Write) 
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Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M416400C-5,-5S 

M5M416400C-6,-6S 

M5M416400C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRWC 

Read write/read modify write cycle time (Note 21) 

131 


155 




ns 

tRAS 

RAS iow pulse width 

91 


105 

IMiliM 

120 


ns 

tCAS 

CAS low pulse width 

54 


60 

ItAVfll 

70 

BFiWiM 

ns 

tCSH 

CAS hoid time after RAS low 

91 


105 


120 


ns 

tRSH 

RAS hold time after CAS iow 

54 


60 


70 


ns 

tRCS 

Read setup time before CAS iow 

0 


0 


0 


ns 

tcwo 

Deiay time, CAS iow to W low (Note 22) 

36 


40 


45 


ns 

tRWD 

Delay time, RAS low to W low (Note 22) 

73 


85 


95 


ns 

tAWD 

Delay time, address to W low (Note 22) 

48 


55 


60 


ns 

tCWL 

CAS hold time after W low 

13 


15 


20 


ns 

tRWL 

RAS hold time after Wlow 

13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


10 


ns 

tDS 

Data setup time before W low 

0 


0 


0 


ns 

tDH 


8 


10 


15 


ns 

tOEH 


13 


15 


15 


ns 


Note 21;tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+5tr. 


22:tWCS, tCWD, tRWD and tAWD and, tCPWD are specified as reference points oniy. if tWCSStWCSfmin) the cycie is an eariy write cycie and the DQ pins will 
remain high impedance throughout the entire cycie. If tCWDStCWD(min). tRWD^tRWD (min), tAWDStAWD(min) and tCPWD^tCPWD(min) 

(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will co ntain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until Ca 5 or OF goes back to VIH) is indeterminate. 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 





Limits 


Symbol 

Parameter 


M5M416400C-5,-5S 

M5M416400C-6,-6S 

M5M416400C-7,-7S 

Unit 




mn 

Max 

Min 


Min 

Max 


tPC 

Fast page mode read/write cycle time 

35 


40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

76 


85 


95 


ns 

tRAS 

RAS low pulse width for read write cycle 

■■KBS 

85 

EBSI 

100 

IHWiI 

115 


ns 

tCP 

CAS high pulse width 

(Note 25) 

8 

12 

10 

15 

10 

15 

ns 

tCPRH 

RAS hold time after CAS precharge 

30 


35 


40 


ns 

tCPWD 

Delay time, CAS precharge to W low 




60 




ns 


Note 23: All previously specified timing require ments and switching characteristics are applicable to their respective fast page mode cycle. 
24: tRAS(min) is specified as two cycles of CAS input are performed. 

25: tCP(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 26) 


Symbol 

Parameter 

Limits 

Unit 

M5M416400C-5,-5S 

M5M416400C-6,-6S 

M5M416400C-7,-7S 

Min 

Max 

Min 


Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


10 


ns 

tCHR 


10 


10 


15 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 


10 


10 


15 


ns 


Note 26: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 
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MITSUBISHI LSIs 

M5M416400CJ,TP-5,-6,-7,-5Sr6S,-7S 




FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta=0~70'’C, \/cc=5\/ ±10%, Vss=0V, unless othenwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 


Max 

Ices (AV) 

Average supply current 
from Vcc 

Slow-Refresh cycle 

(Note 5) 

M5M416400C (S) 

CAS before RAS refresh cycling 
or RAS cycling & CAS ^0.2V 
OE&V^g0.2V 
or ^&WE ^Vcc-0.2V 

Ao~ Aii^0.2V 
or Ao ~ Ai 1 ^Vcc-0.2V 
tREF=128ms (4096cycles) 
output = OPEN 
tRAS=tRAsmin. ~500ns 



500 

aA 

ICC9 (AV) 

Average supply current 
from vcc 

Self-Refresh cycle 

(Note 5) 

M5M416400C (S) 

R^ = Ci^ ^ 0.2V 
output = OPEN 

■ 

■ 

200 

aA 


TIMING REQUIREMENTS (Ta=0 ~70°C, Vcc=5V±10%, Vss=0V, unless othenwise noted, see notes 12,13) 


Symbol 

Parameter 

Limits 

Unit 

M5M416400C-5S 

M5M416400C-6S 

M5M416400C-7S 

Min 

Beilin 

Min 


Min 

Max 

tRASS 

Self Refresh RAS low pulse width 

100 


100 


100 


AS 

tRPS 

Self Refresh RAS high orecharae time 

90 


110 




ns 

tCHS 

Self Refresh RAS hold time 

-50 


-50 


-50 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 

Read hold time after RAS low 

10 


10 


15 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (4K) must be made within tNS / tSN before / after self refresh, on the condition of tNS^64ms and 
tSN^64ms. 




DISTRIBUTED REFRESH 
< 4K / 64 ms > 


K 

Self refresh period IT 


tSN 



DISTRIBUTED REFRESH 
<4K/64ms> 


(2) in case of burst refresh 

The last / first full refresh cycles (4K) must be made within tNS / tsN before / after self refresh, on the condition of tNs+tsN^64ms. 



BURST REFRESH 
< 4K / 64 ms > 


lll~l 


Self refresh period 



I 


BURST REFRESH 
< 4K / 64 ms > 
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MITSUBISHI LSIS 

M5M416400CJ,TP-5,-6,-7,-5Sr6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 




TEST Mode SET Cycle 



Not6 27;The test mode function is initiated by a W and CAS before RAS c ycle (WCBR cycle) as specified in timi ng dia gram. 

The test mode function is terminated by either a CAS before RaS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 

During the test mode, the device is internally organized as 16-bits wide (1M bytes depth). No addressing of CAO, CAi is required. 

During a write cycle, data must be applied to all DQ (input) pins. The data can be different between DQ pins. The data on each DQ pin is written into 
4-bits memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 4-bits, respectively. High state indicates that 
they are same. Low state indicates that they are not same. 

During the test mode operation, only WCBR cycle can be used to perform refresh. 
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M5M416400CJ,TP-5r6r7r5Sr6S,-7S 


FAST PAGE MODE 16777216-BIT (4194304-WORP BY 4-BIT) DYNAMIC RAM 


Timing Diagrams (Note 28) 
Read Cycle 


REUMiNAR^ 


final cbaitS® 





w 


VlH- 

VlL- 











Note 28 



Indicates the doni care input. 
VIH(min)SVlN^VlH(max) or VlL(min)^VlNgVIL(nnax) 



Indicates the invaiid output. 
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M5M416400CJ,TP-5,-6,-7,-5S,-6Sr7S 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Write Cycle (Early write) 




p REt-' - 

gortia P®'’ 



w 


DQi~DQ4 

(INPUTS) 



tWCH 



tDH 


DATA VALID 



DQi~DQ4 Hi-Z 

(OUTPUTS) voL- 


OE 
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FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M416400CJ,TP-5,-6,-7,-58,-6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


RAS-only Refresh Cycle 


MoW-e- SiW'W 


tRC 



DQi~DQ 4 Hi-z 

(OUTPUTS) VOI¬ 


CE 
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M5M416400CJ,TP-5,-6,-7,-5Sr6Sr7S 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle, Slow Refresh Cycle 


TK.s isare ^ 


oarsmetne 

Some P'sr'” 



DQi~DQ4 

(INPUTS) 



tOFF 
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FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 29) 
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FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Self Refresh Cycle 






DQi~DQ4 

(INPUTS) 


DQi~DQ4 ' 
(OUTPUTS) , 
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M5M416405C J,TP-5,-6,-7, 

-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 4194304-word by 4-bit dynamic RAMs with 
Hyper Page mode fuction, fabricated with the high performance 
CMOS process, and is ideal for large-capacity memory systems 
where high speed, low power dissipation, and low costs are 
essential. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self refresh current is low enough for 
battery back-up application. 


FEATURES 


Type name 

RAS 
access 
time 
(max. ns) 

CAS 

access 

time 

(max.ns) 

Address 
access 
time 
(max. ns) 

OE 

access 
time 
(max. ns) 


1 

M5M416405CXX-5,-5S 


mm 

wm 

mm 


mm 

M5M416405CXX-6,-6S 

MM 

mm 

HI 

mm 

■Qil 

Klikl 

M5M416405CXX-7,-7S 

mm 

MM 

BRIM 

mm 


BcgM 


XX=J,TP 


•Standard 26pin SOJ, 26pin TSOP 
•Single 5V±10% supply 
•Low stand-by power dissipation 

5.5mW (Max)--- CMOS Input level 

2.2mW (Max) *....CMOS Input level 

•Low operating power dissipation 

M5M416405Cxx-5,-5S..- 605mW (Max) 

M5M416405Cxx-6,-6S---- 495mW (Max) 

M5M416405Cxx-7,-7S.——.415mW (Max) 

•Self refresh capability * 

Self refresh current------200 //A(Max) 

•Hyper pag e mode (102 4-colu mn ran dom a ccess), Read-modify- 
write, RAS-only refresh, CAS before RAS refresh. Hidden refresh 
capabilities. _ _ 

Earty-write mode, OE and W to control output buffer impedance 
•All inputs, outputs TTL compatible and low capacitance 
•4096 refresh cycles every 64ms (Ao ~Aii) 

♦ :Applicable to self refresh version (M5M416405CJ,TP-5S,-6S, 
-7S:option) only 


APPLICATION 

Main memory unit for computers. Microcomputer memory. Refresh 
memory for CRT 


PIN CONFIGURATION (TOP VIEW) 


vcclZ 


iUvss 

DQl[2 


25|DQ4 

DQ2[1 


13003 



13 CAS 

RASd 

s 

Hoe 

All d 

Ul 

S 

H A9 

Alod 

1 

8 

2 

rajAs 

Aod 

iU A7 

Ai [io 


illAe 

A2QT 


illAS 

A3 El 


is] A4 

vcc El 


h] vss 

Outline 26P0D-B (300mil SOJ) 

vcc [I 


H vss 

dqiE 


511004 

DQad 


HI 003 

W[4 


13 CAS 

rasE 

s 

(n 


And 

S 

o> 

ig A9 

Aiod 

s 

o 

HI AS 

Aod^ 

H 

TJ 

iU A7 

Ai[io 


iz] As 

Aalll 


H AS 

AaQI 


H A4 

VccQ] 


ii! vss 

Outline 26P3D-E (300mil TSOP) 


PIN DESCRIPTION 


Pin name 

Function 

Ao~Aii 

Address inputs 

DQ1-DQ4 

Data inputs/outputs 


Row address strobe input 


Column address strobe input 

W 

Write control input 

OE 

Output enable input 

Vcc 

Power supply (+5V) 

Vss 

Ground (OV) 
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SO" ® HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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FUNCTION 

In addition to Hyper Page Mode, normal read, write and read- of other functions, e.g.,RAS-only refresh, and delayed-write. The input 

modify-write operations the M5M416405CJ, TP provides a number conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

Remark 

RAS 

CAS 


OE 



Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Hyper 

page 

mode 

identical 

Write (Early write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 

Read-modify-write 

ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

RAS-only refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

NAC 

ACT 

APD 

DNC 

OPN 

VLD 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


CAS before RAS refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note : ACT : active, NAC: nonactive, DNC: don't care, VLD : vaiid, iVD: invalid, APD : appiied, OPN : open 


BLOCK DIAGRAM 
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M5M416405CJ,TP-5,-6,-7,-5S,-6S,-7S 


3ome 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 



RECOMMENDED OPERATING CONDITIONS (Ta=0~70‘’C, unless otherwise noted) (Note 1) 


Limits 


Supply voltage 


e 




IISSI IZtSSII I 


Vcc 


Vss 


ViH I High-level input voltage, all inputs 


ViL Low-level input voltage, all inputs 


Note 1 : All voltage values are with respect to Vss. 

**: VlL(min.) is -2.0V when undershoot width Is less than 25ns. (Undershoot width is with respect to VSS.) 



ELECTRICAL CHARACTERISTICS (Ta=0~70°C. Vcc=5V±10%, Vss=0V, unless otherwise noted) (Note 2 ) 



High-level output voltage 


Low-level output voltage 


Off-state outDut current 


Input current 


Average supply current 
from Vcc, operating 

(Note 3,4,5) I M5M416405C-7,-7S 


Test conditions 


M5M4l6405C-5,-5S RAS. CAS cycling 
M5M416405C-6,-6S tRC=tWC=min. 



Icc 2 Supplycurrentfrom Vcc, Stand-by (Note 6) 


Average supply current M5M416405C-5,-5S 

from Vcc, only M5M416405C-6,-6S 

refresh mode (Note 3,5) M5M416405C-7,-7S 


M5M416405C-5,-5S 


M5M416405C-6,-6S 


Average supply current 
from Vcc, Hyper Page 

Mode (N0te3,4,5)| M5M416405C-7,-7S 


Average supply current M5M41640SC-S,-5S 

from vcc, CAS before RAS M5M416405C-6,-6S 
refresh mode (Note 3,5) M5M416405C-7,-7S 


Note 2; Current flowing into an 1C Is positive, out is negative. 

3: ICC1 (AV), ICC3 (AV), ICC4 (AV) and icce (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4; Icci (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

5: Under condition of column address being changed once or less while RAS=V IL and'CASsViH 



CAPACITANCE (Ta=0~70®C. Vcc=5V±10%, Vss=0V, unless othen/vise noted) 


Symbol 

Parameter 

Test conditions 

Cl (A) 

Inout caoacitance. address inouts 

Vi=Vss 

Cl (CLK) 

Input capacitance, clock inputs 

f=1MHz 

Cl/0 

Input/Output capacitance, data ports 

Vi=25mVrms 
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HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BlT) DYNAMIC RAM 


SWITCHING CHARACTERISTICS (Ta=0~70°C, Vcc = 5V±10%, Vss=0V, unless othenwise noted, see notes 6,14,15) 


Symbol 

Parameter 

Limits 

Unit 

M5M416405C-5,-5S 

M5M416405C-6,-$S 

M5M416405C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCAC 


(Note 7.8) 


13 


15 



ns 

tRAC 

Access time from RAS 

(Note 7,9) 


50 


60 


70 

ns 

tAA 

Column address access time 

(Note 7,10) 


25 


30 


35 

ns 

tCPA 

Access time from CAS precharqe 

(Note 7,11) 


30 


35 


40 

ns 

tOEA 


(Note 7) 


13 


15 


ns 

ns 

tOHC 

Output hold time from CAS high 

(Note 13) 

5 


5 


5 


ns 

tOHR 


(Note 13) 

5 


5 


5 


ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


5 


ns 

tOEZ 

Output disable time after OE high 

(Note 12) 


13 


15 


20 

ns 

tWEZ 

Output disable time after WE high 

(Note 12) 


13 


15 


20 

ns 

tOFF 


(Note 12,13) 


13 


15 



ns 

tREZ 

Output disable time after RAS high 

(Note* 12,13) 


13 


15 


20 

ns 

tDOH 

Output hold time from CAS low 

5 


5 


5 


ns 


Note 6;An initial pause of 500 /< s is required after power-up followed by a minimum of eight initialization RAS cycles. The initialization cycles should be done 
either by RAS -only refresh cycles or by CAS before RAS refresh cycles only._ 

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 64ms) of 
RAS inactivity before proper devic e operation is achieved. 

After the initialization cycles, RAS should be kept either higher than V iH(tnin) or lower than VlL(max) except RAS transition time. 

7:Measured with a load circuit equivalent to tOOpF. 

The reference levels for measuring of output signals are 2.0V(V OH) and 0.8V(VOL). 

8:Assumes that tRCDStRCD(max) and lASC&tASCfmax) and tCP^ tCP(max). 

9:Assumes that tRCDaStRCD(max) and tRAD^tRAD(niax). If tRCD or tRAD is greater than the maximum recommended value shown in this table, IRAC will 
increase by amount that tRCD exceeds the value shown. 

10:Assumes that tRAD^ tRAD(max) and tASC^tASC(max). 

11 :Assumes that tCP^tCP(max) and tASC&tASC(max). 

12:tOEZ (max), tWEZ(max), tOFF(max) and tREZ(max)defines the time at which the output achieves the high impedance state (I OUT^ | ± 1 a| ) and is not 

reference to VOH(min) or VO L(m^ ). ^_ 

13;C>utput is disabled after both RAS and CAS go to high. 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write .Refresh, and Fast-Page Mode Cycles) 

(Ta=0 ~70“C, Vcc = 5V ±10%, Vss=0V, unless otherwise noted, see notes 14,15) 





Limits 


Symbol 

Parameter 


M5M416405C-5,-5S 

M5M416405C-6,-6S 

M5M416405C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


64 


64 


64 

ms 

tRP 




40 


50 


ns 

tRCD 


(Note 16) 

18 

32 

20 

38 

20 

42 

ns 

tCRP 


5 


5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


0 


ns 

tCPN 

CAS high pulse width 

8 


10 


13 


ns 

tRAD 

Column address delay time from RAS low 

(Note 17) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 18) 

0 

10 

0 

13 

0 

13 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

8 


10 


10 


ns 

tDZC 

Delay time, data to CAS low 

(Note 19) 

0 


0 


0 


ns 

tDZO 


(Note 19) 

0 


0 


0 


ns 

tRDD 

Delav time. RAS high to data 

(Note 20) 

13 


15 


20 


ns 

tCDD 

Delay time, CAS high to data 

(Note 20) 

13 


15 


20 


ns 

tODD 

Delav time, OE high to data 

(Note 20) 

13 


15 


20 


ns 

tr 

Transition time 


1 

50 

1 

50 

1 

50 

ns 


Note 14: The timing requirements are assumed tT=2ns. 

15: VlH(min) and VlL(max) are reference levels for measuring timing of input signals. 

16; tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tAA. 

17: tRAD(max) Is specified as a reference point only. If tRAD^tRAD(max) and tASC^tASC(max), access time is controlled exclusively by tAA. 

18: tASC(max) is specified as a reference point only. If tRCD^tRCD(max) and tASCStASC(max), access time is controlled exclusively by tCAC. 

19: Either tDZC or tDZO must be satisfied. 

20: Either tRDD or tCDD or tODD must be satisfied. 

21: fr is measured between VlH(min) and VlL(max). 
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M5M416405CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 1 

Unit 

M5M416405C-5,-5S | 

M5M4t6405C-6,-6S | 

M5M416405C-7,-7S | 





— 


tRC 

Read cycle time 

90 

1 1 


i 1 



ns 

tRAS 

RAS low pulse width 

50 


60 




ns 

tCAS 

CAS low pulse width 

8 


10 

IMAM 

mm 


ns 

tCSH 


40 


48 




ns 

tRSH 

RAS hold time after CAS low 



m 


20 


ns 

tRCS 

Read Setup time before CAS low 

IHEH 


0 


0 


ns 

tRCH 

Read hold time after CAS hiah (Note 22) 

0 


0 




ns 

tRRH 

Read hold time after RAS hiah (Note 22) 

0 


0 


1 0 1 


ns 

tRAL 

Column address to RAS hold time 

mm 


— 


K9 


ns 

tCAL 

Column address to CAS hold time 

beh 


18 




ns 

tORH 


mam 


15 


H9 


ns 

tOCH 

1 CAS hold time after OE low 

mm 


mm 


1 20 i 


ns 


Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 1 

Unit 

M5M416405C-5,-5S | 


MSM416405C-7,-7S | 

Min 

Max 

Min 1 

Max 

Min 1 

Max 

twc 

Write cvciO time 

90 




■E9 


ns 

tRAS 

RAS low pulse width 

50 


60 

wimsm 

70 


ns 

tCAS 

CAS low pulse width 

8 


10 


13 

iriTffffii 

ns 

tCSH 

CAS hold time after RAS low 

40 


48 


55 


ns 

tRSH 

^mmms^mma^mmmma^m 

13 


15 


20 


ns 

twcs 

Write setup time before CAS low (Note 24) 

0 


0 


0 


ns 

tWCH 

Write hold time after CAS low 

8 


10 


13 


ns 

tCWL 


8 


moll 


13 


ns 

tRWL 


8 


10 


13 


ns 

tWP 

Write pulse width 

8 


10 


13 


ns 

tPS 

Data setup time before CAS low or W low 

0 


0 


0 


ns 

tDH 

Data hold time after CAS low or W low 

8 


10 


jmm 


ns 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

1 Limits 1 

Unit 


1 M5M416405C-6,-6S | 

1 M5M416405C-7,-7S { 

Min 

Max 

Min 

Max 

Min 

Max 

tRWC 

Read write/read modify write cycle time (Note 23) 

109 


133 


161 


ns 

tRAS 

RAS low pulse width 

75 


89 


107 


ns 

tCAS 

CAS low pulse width 

38 

IWtTiTil 

44 

KTBIBi 

57 

KT1 

ns 

tCSH 

mmsms^sammm^mt^ 

70 


82 


99 


ns 

tRSH 

RAS hold time after CAS low 

38 


44 


57 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 24) 

28 


32 


42 


ns 

tRWD 

Delay time, RAS low to W low (Note 24) 

65 


77 


92 


ns 

tAWD 

Delay time, address to W low (Note 24) 

40 


47 


57 


ns 

tOEH 

OE hold time after W low 

13 


15 


20 


ns 


Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(tnin)+4tT. 

24: tWCS, tcWD, tRWD and tAWD and, tCPWD are specified as reference points only. If twcs^twcs(min) the cycle is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tcWD^tcWD(min), tRWD^tRWD(min), tAWD^tAWD(min) and tCPWD^tCPWD(min) (for hyper 
page mode cycle only), the cycle is a read-modify-write cycl e and the DQ will contain the data read from the selected address. If neither of the above 
condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 


A MITSUBiSHI 
ELECTRIC 


4-67 


























































































































































































MITSUBISHI LSIs 


M5M416405CJ ,TP-5r6,-7,-58,-6S,-7S 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hyper page Mode Cycle 


(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 


Symbol 

Parameter 

Limits 

Unit 

M5M416405C-5,-SS 

M5M416405C-6,-6S 

M5M416405C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tHPC 

Hyper page mode read/write cycle time (Note 26) 

20 


25 


30 


ns 

tHPRWC 

Hyper Page Mode read write / read modify write cycle time 

57 


66 


79 


ns 

tRAS 

RAS low pulse width for read or write cycle (Note 27) 

65 

ipniiitm 

77 


92 


ns 

tCP 

CAS high pulse width (Note 28) 

8 

13 

10 

16 

13 

16 

ns 

tCPRH 

RAS hold time after CaS precharge 

28 


wmm 


38 


ns 

tCPWD 

Delay time, CAS precharge to W low (Note 24) 

43 


50 


60 


ns 

tCHOL 

Hold time to maintain the data Hi-Z until CAS access 

7 


7 


7 


ns 

tOEPE 


7 


7 


7 


ns 

tWPE 


7 


7 


7 


ns 

tHCWD 


28 


32 


42 


ns 

tHAWD 

Delay time. Address to W low after read 

40 


47 


57 


ns 

tHPWD 

Delay time, CAS precharge to W low after read 

43 


50 


60 


ns 

tHCOD 

Delay time, CAS low to OE high after read 

13 


15 


20 


ns 

tHAOD 

Delay time, Address to OE high after read 

25 


30 


35 


ns 

tHPOD 

Delay time. CAS precharge to OE high after read 

28 


33 


38 


ns 


Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26: tHPC(min) is specified in the case of read-only and early write-only. In Hyper Page Mode. 

27: tRAS(niin) is specified as two cycles of CAS input are performed. 

28: tCP(max) is specified as a reference point only. 


® to chattfi 
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CAS before RAS Refresh Cycle (Note 29) 


Symbol 

Parameter 

Limits 

Unit 

M5M416405C-5,-5S 

M5M416405C-6,-6S 

M5M416405C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

5 


5 


5 


ns 

tCHR 


10 


10 


15 


ns 

tCAS 

CAS low pulse width 

17 


17 


22 


ns 

tRSR 

Read setup time before RAS low 

5 


5 


5 


ns 

tRHR 

Read hold time after RAS low 

10 


10 


15 


ns 


Note 29: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 


Hidden Refresh Cycle (Note 30) 


Symbol 

Parameter 

Limits 1 

Unit 

1 M5M416405C-5,-5S 

1 M5M416405C-6,-6S { 


Min 

Max 

Min 

Max 

Min 


tRSR 

Read setup time before RAS low 

5 


5 


5 


ns 

tRHR 

1 1 lit] [• ■ 11 11 [t»:i 1 cj 

10 


10 


15 


ns 


Note 30: Read, early write, delayed write, read write or read-modify-write cycle is applicable to hidden refresh cycle. In all cases tRSR and tRHR should be 
satisfied. 
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® HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vcc=5V±10%, Vss=0V, unless othenwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 


Max 

|CC8(AV) 

Average supply current 
from vcc 

Slow-Refresh cycle 

(Note 6) 

M5M416405C (S) 

CAS before RAS refresh cycling 
or RAS cycling & CAS^ 0.2V 
^&WE^0.2V 
or OE & WE ^Vcc-0.2V 

Ao~ Aii^0.2V 
or Ao~ All ^Vcc-0.2V 
tREF=128ms (4096cycles) 
output=OPEN 
tRAS=tRAsmin. ~500ns 



500 

aA 

|CC9(AV)* 

Average supply current 

from vcc 

Self-Refresh cycle 

(Note 6) 

M5M416405C (S) 

RAS=a^ ^ 0.2V 
output = OPEN 

■ 

■ 

200 

aA 


TIMING REQUIREMENTS CTa=0~70‘’C, Vcc=5V±10%, Vss=0V, unless otherwise noted, see notes 14,15) 


Symbol 

Parameter 

Limits 

Unit 

M5M416405C-5S 

M5M416405C-6S 

M5M416405C-7S 

— 

Max 

Min 


Min 

Max 

tRASS 

Self Refresh RAS low pulse width 

100 


100 


100 


AS 

tRPS 

Self Refresh RAS high precharge time 

90 


110 




ns 

tCHS 

Self Refresh RAS hold time 



-50 


-50 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 

1 lU !• 1 1 [ 11 II f 

10 


10 


■US 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (4K) must be made within t ns / tSN before / after self refresh, on the condition of t Ns^64ms and 
tSN^64ms. 


h- 

tNS ^1 



.MM.. 

-III 1 

Self refresh period 

riTrrrrrrrrnrTTTr::? 

MM 

II11 1111 

DISTRIBUTED REFRESH 
<4K/64 ms> 



DISTRIBUTED REFRESH 
< 4K / 64 ms > 


(2) In case of burst refresh 

The last / first full refresh cycles (4K) must be made within t ns / tsN before / after self refresh, on the condition of t NS+tsN^64ms. 





BURST REFRESH 
<4K/64 ms > 




Self refresh period 



BURST REFRESH 
<4K/64ms> 
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M5M416405CJ,TP-5r6r7,-5Sr6Sr7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


TEST Mode SET Cycle (Note 31) 



Note 31-.The test mode function is initiated by a"W and CAS b efore RAS c ycle (WCBR cycle) as specified in timin g diag ram. 

The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 

During the test mode, the device Is Internally organized as 16-bits wide (1M bytes depth). No addressing of CA o and CAi is required. 

During a write cycle, data must be applied to all DQ (Input) pjns. The data can be different between DQ pins. The data on each DQ pin is written into 
4-bits memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 4-bits, respectively. High state indicates that 
they are same. Low state Indicates that they are not same. 

During the test mode operation, only WCBR cycle can be used to perform refresh. 
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M5M416405CJ,TP-5,-6,-7,-58,-6S,-7S 


SP"’® ’HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Timing Diagrams (Note 32 ) 
Read Cycle 




Note 32 



Indicates the don't care input. 
VlH(min)jSVlN^VlH(max) or VlL{min)^VlNSVIL(max) 


Indicates the invalid output. 
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^ HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 



tASR tRAH 


ROW 

ADDRESS 


COLUMN 

ADDRESS 


ROW 

ADDRESS 


DQi~DQ4 

(INPUTS) 


Ids tDH 


DQi~DQ4 
(OUTPUTS) _ 
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M5M416405CJ,TP-5,-6,-7,-5S,-6S,-7S 


' HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 



A 


MITSUBISHI 

ELECTRIC 























MITSUBISHI LSIS 


y rv*-^ . „„i 


M5M416405CJ,TP-5,-6,-7,-58,-68,-78 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hyper Page Mode Read Cycle 


RAS 


CAS 


Ao~Aii 


VlH- 

VlL- 




tCRP 


VlH-< 

( 

ViL-i 


tASR 


VlH-( 

( 

VlL-( 


tRAS 




tCSH 


tRCD 


N,_ 


tRAD 


tRAH 



Mil 


9 


tASC 


tCAS 


tCAH 


COLUMN-1 


, tRcs , 
H 1—H 


tHPC 


tCP 


tASC 


tCAS 


tCAH 


COLUMN-2 


tCP 


tASC 


tRSH 


tCAS 


tCPRH 


tCAH 


COLUMN-3 


tRAL 


tRP 


/ 


tASR 


ROW 

ADDRESS 


tRRH 


w 


DQi~DQ4 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 


OE 



tODD 
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HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M416405CJ,TP-5,-6,-7,-5S,-6S,-7S 
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HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hyper Page Mode Read-Write, Read-Modify-Write Cycle 


RAS 


CAS 


Ao~Aii 


W 


DQi~DQ4 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 


OE 
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HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M416405CJ,TP-5r6r7r5Sr6S,-7S 




HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 33) 




Note 33; Early write, delayed write, read write or read modify write cycle Is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

In all cases IRSR and tRHR should be satisfied. 
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Self Refresh Cycle 


DQi~DQ4 

(INPUTS) 


DQi~DQ4 
(OUTPUTS) _ 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M417400BJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 4194304-word by 4-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation , and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a 
reduction in pins and an increase in system densities. 


FEATURES 


Type name 

RAS 

access 

lime 

(max.ns) 

1 ^ 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(mln.ns) 

Power 

dissipa¬ 

tion 

(lyp.mW) 

M5M417400BXX-5,-5S 

50 

13 

25 

13 

90 

655 

h^M417400BXX-6,-6S 

60 

15 

30 

15 

110 

540 

M5M417400BXX-7.-7S 

70 

20 

35 

20 

130 

475 


XX=J.TP 


•Standard 26 pin SOJ,26 pin TSOP 
•Single 5V ±10%supply 
•Low stand-by power dissipation 

M5M417400B 5.5mW (Max)CMOS Input level 

M5M417400B{S).2.2mW (Max)CMOS Input level 

•Low operating power dissipation 

M5M417400BXX- 5,- 5S.. 800.0m W (Max) 

M5M417400BXX- 6,- 6S.. 660.0mW (Max) 

M5M41 7400BXX- 7,- 7S. 580.0mW (Max) 

•Fast-p age mode , Read-modify-write, RAS-only refresh,CAS 
before RAS refresh. Hidden refresh and Self refresh capabilities 
•Eariy-write mode and OE to control output buffer impedance 
•All inputs, output TTL compatible and low capacitance 
•2048 refresh cycles every 32ms (Ao ~Aio) ^ 

•2048 refresh cycles every 128ms (Ao ~Aio) 

*: Applicable to self refresh version only 

APPLICATION 

Main memory unit for computers. Microcomputer memory. 
Refresh memory for CRT 
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M5M417400B J,TP-5r6r7r5Sr6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


FUNCTION 

The M5M417400BJ, TP provide, in addition to normal read, write, functions, e.g., fast page mode, RAS-only refresh, and 

and read-modify-write operations, a number of other functions, delayed-write. The input conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

Remark 


CAS 

VV 

OE 

Row 

address 

Column 

address 

Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Fast page 

mode 

Identical 

Write (Early write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

APD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

APD 

IVD 

YES 

Read-modIfy-write 

ACT 

ACT 

ACT 

ACT 

APD 

APD 

APD 

VLD 

YES 

RAS-only refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

DNC 

ACT 

DNC 

DNC 

OPN 

VLD 

YES 


CAS before RAS refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note : ACT: active, NAC : nonactive, DNC : don't care, VLD : vaiid, iVD : invaiid, APD : applied, OPN : open 


BLOCK DIAGRAM 


COLUMN ADDRESS 
STROBE INPUT 


ROW ADDRESS 
STROBE INPUT 


WRITE CONTROL — 
INPUT W 


ADDRESS INPUTS 
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M5M417400BJ,TP-5,-6,-7,-58,-6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 


Supply voltage 


Input voltage 


Output voltage 


Output current 


Power dissipation 


Operating temperature 


Storage temperature 


Conditions 


With respect to Vss 



RECOMMENDED OPERATING CONDITIONS (Ta=0~70*C, unless othenvise noted) (Notel) 


Symbol 

Parameter 

Vcc 

Supply voltage 

Vss 

Supply voltage 

ViH 

High-level input voltage, all inputs 

Vu. 

Low-level input voltage, all inputs 



Note 1 :AII voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta=0 ~ 70*C, Vcc=5V ±10%, Vss=0V, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

VOH 

High-level output voltage 

loH=-5mA 

VOL 

Low-level output voltage 

loL=4.2mA 

ioz 

Off-state output current 

Q floating OV^Vout^S.SV 

h 

Input current 

OV^ ViN^ 6.0V, Other inputs pins=0V 


Average supply current 
from Vcc 
operating 

M5M417400B-5,-5S 

RAS, CAS cycling 

|CC1 (AV) 

M5M417400B-6,-6S 

tRC=twc=min. 

outputopen 


(Note 3,4) 

M5M417400B-7,-7S 





RAS= CAS =ViH, output open 

ICC2 

standr-'by 


RAS= CAS=OE=W=Ao-:-Aio^Vcc -0.5V 


(Note 5) 

M5M417400B(S) 

output open 


Average supply current 

M5M417400B-5,-5S 


|CC3 (AV) 

from Vcc 
refreshing 

M5M417400B-6,-6S 

tRc=mrn. 
output open 


(Note 3) 

M5M417400B-7,-7S 



Average supply current 
from Vcc 

Fast-Page-Mode 

M5M417400B-5,-5S 


|CC4(AV) 

MSM417400B-6.-6S 

tpc=min. 
output open 


(Note 3,4) 

M5M417400B-7,-7S 



Average supply current 

from Vcc _ 

CAS before 8AS refresh 

M5M417400B-5,-5S 


|CC8(AV) 

MSM417400B-6,-6S 

tRC=min. 
output open 


mode 

(Note 3) 

M5M417400B-7,-7S 


ICC8(AV) 

Averse supply current from 
Vcc Extended refresh 

(Note 5) 

M5M417400B(S) 

RAS cycling and CASS0.2V or 

CAS before RAS refresh cycling 
Vcc-0.2V^OE=W=Ao~Aio^0.2V 
output open, 

tRC=64 tt s,tRAS=tRASmin~ 1 n s 

Ices (AV) 

Average supply current 
from vcc 

Self - Refresh cycle (Note 5) 

M5M417400B(S) 

RAS=CAS^0.2V,output open 
Vcc-0.2V^OE=W=Ao~Aio^0.2V 



Note 2: Current flowing into an 1C is positive, out is negative. 

3: led (AV), Icc3 (AV), Icc4 (AV) and Icc6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: led (AV) and Icc4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
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MITSUBISHI LSIs 

I\/I5M417400BJ,TP-5,-6,-7,-53,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


CAPACITANCE (Ta>0 ^70'C, VccaSV ±10%, Vss^OV, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

121311 



Cl (A) 

Input capacitance, address Inputs 

Vi>Vss 

f-IMHz 

Vi«25mVrms 



5 

pF 

Cl (OE) 

Input capacitance, input 



7 

PF 

Ciw 

Input capacitance, wrKe control Input 



7 

pF 

Cl (RAS) 

Input capacitance, RAS input 



7 

pF 

Cl (CAS) 

Input capacitance, OAS input 



7 

pF 

Ci/o 

Input/Output capacitance, data ports 



HI 

pF 


SWITCHING CHARACTERISTICS (Ta=0 ~ 70iC, VccsSV ±10%, Vss=0V, unless otherwise noted, see notes 5,12,13) 





Limits 


Symbol 

Parameter 


M5M417400B-5,-5S| 

iM5M417400B-6,-6S | 

1M5M417400B-7,-7S | 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tCAC 

Access time from SAS 

(Note 6,7) 


13 


15 


20 

ns 

tRAC 

PiW.!: !il 1 1 1'iW /W.'.l : 11 

(Note 6,8) 


50 


60 


70 

ns 

tAA 

Column address access time 

(Note 6,9) 


25 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 6,10) 


30 


35 


40 

ns 

tOEA 

Access time from 51 

(Note 6) 


13 


15 


20 

ns 

tcu 

Output low impedance time from CAS low 

(Note 6) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 11) 

0 

13 

0 

15 

0 

15 

ns 

tOEZ 

Output disable time after OE high 

(Note 11) 

0 

13 

0 

15 

0 

15 

ns 


Note 5: An initial pau se of SOO^iS is requi red af ter power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containing a ftA§ clock such as RAS-Onlv refresh). _ __ 

Note the FwS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods 
(greater than 32 ms) of RAS inactivity before proper device o^ration is achieved. 

6: Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

7: Assumes that tRCD ^ tRCD(max) and tASC&tASCrmax). 

8: Assumes that tnco 2 tRCO(mu) and tnAO^tRAO(trax). If tnco ortRAO is greater than the maximum recommended value shown in this table, 
true will Increase by amount that tnco exceeds the value shown. 

9: Assumes that tRAD 2 tRAO(max) and tASC ^tASC(inax). 

10: Assumes that tcp 2 tcptmax) and tASC ^tAsermax). 

1 1 ; tOFF(max) and toEZ (max) defines the time at which the output achieves the high impedance state (I lour 1^10 juA) and is not reference to 
VOH(min)OrVoi.(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 

(TaB0~70*C, Vcc>5V ±10%, VssxOV, unless otherwise noted See notes 12,13} 





Limits 


Symbol 

Parameter 


M5M417400B-5,-5S 

M5M417400B-6,-6S 

CO 

CD 

o 

o 

'e* 

i 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


32 


32 


32 

ms 

tREF 

Refresh cycle time * 


128 


128 


128 

ms 

tRP 

HAS high puise width 

30 


40 


50 


ns 

tRCD 

Deiay time, RAS low to CAS low 

(Note14) 

18 

37 

20 

45 

20 

50 

ns 

ICRP 

Delay time, CaS high to RAS low 

10 


10 


10 


ns 

tRPe 

Delay time, RAS high to CAS low 

0 


0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


10 


ns 

tRAO 

Column address delay time from RAS low 

(NotelS) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Notet6) 

0 

10 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after HAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after cAS low 

13 


15 


15 


ns 

tozc 

Delay time, data to CAS low 

(Note17) 

0 


0 


0 


ns 

tozo 

Delay time, data to 51 low 

(Note17) 

0 


0 


0 


ns 

tcoo 

Delay time, CAS high to data 

(Note18} 

13 


15 


15 


ns 

tOOD 

Delay time, 51'high to data 

(NotelS) 

13 


15 


15 


ns 

tr 

Transition time 

(Note19) 

1 

50 

1 

50 

1 

50 

ns 


Note 12: The timing requirements are assumed tr=5ns. 

13: ViH(min) and Viunux) are reference levels for measuring timing of input signals. 

14: tRCD(max) is Specify as a reference point only. If tRco is less than tRCD(max), access time is tRAC. If tRco is greater than tRCD(max), access 
time is controlled exclusively by tcAC or Iaa. tRCO(min) is specified as tRco(min} stRAH(min) ■t-2tH't-tASC(min). 

15: tRAD(tt«x) Is specified as a reference point only. If tRAO Si tRAD(mBx) and tAsc ^tASC(trax). access time is controlled exclusively by tAA. 

16: tAsc(inex) is Specified as a reference point only. If tnco ^ tRCD(n«x) and tAsc^tASC(max). access time is controlled exclusively by tCAc. 

17: Either tozc or tozo must be satisfied. 

18: Either tcoo or toco must be satisfied. 

__^___J9^Jrjsjmeasuredbehveen_ViHjmjnjandV[ji^max^^_________^ 
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MITSUBISHI LSIs 

M5M417400BJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Read and Refresh Cycles 




Limits 


M5M417400B-5,-5S M5M417400B-6,-6S M5M417400B-7,-7S 


Read cycle time 


f«S low pulse width 


CAS low pulse width 


uAs hold time after RAS low 


RA? hold time after CAS low 


Read Setup time before CAS low 


Read hold time after CAS high (Note 20) 


Read hold time after RAS high (Note 20) 


Column address to RAS hold time 


CAS hold time after QE low 


RAS hold time after OE low 


Note 20: Either tncH or tnnH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 




Limits 


M5M417400B-5,-5S | M5M417400B-6,-6S | M5M417400B-7,-7S 


Write cycle time 


RAS low pulse width 


CAS low pulse width 


CAS hold time after RAS low 


RAS hold time after CAS low 


Write setup time before CAS low 


Write hold time after CAS low 


CAS hold time after W low 


RAS hold time after W low 


Write pulse width 


Data setup time before CAS low or W low 


Data hold time after CAS low or W low 


CE hold time after W low 


Read-Write and Read-Modify-Write Cycles 


Symbol 



Limits 


M5M417400B-5,-5S M5M417400B-6,-6S | M5M417400B-7.-7S 


tRwc I Read write/read modify write cycle time (Note21) 


tRAs RAS low pulse width 


tcAS CAS low pulse width 


tcsH CAS hold time after RAS low 


tnsH RAS hold time after CAS low 


tRcs Read setup time before CAS low 


tcwo Delay time, CAS low to W low (Note22) 


tRWD Delay time, RAS low to W low (Note22) 


tAWD Delay time, address to W low (Note22) 


tcwL CAS hold time after W low 


tnwL RAS hold time after W low 


twp Write pulse width 


tos , Data setup time before W low 


tDH Data hold time after W low 


tOEH OE hold time after W low 


Note 21; tRWC is specified as tRWC(min)=tRAC(nia»)+tODO(min)+tRWL(min)+tRP(min)+5tT. 

22: twcs, tcwD,tRWD and tAWDand,tcpwDare specified as reference points only. If twcs^twcs(min)the cycle is an early write cycle and the 
DQ pins will remain high impedance throughout the entire cycle. If tcwD^tcwD(min),tRWD^tRWD(min).tAWD^tAWD(min)and tcpwo^tcpwD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will co ntain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to Vih ) is indeterminate. 
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MITSUBISHI LSIs 

M5M417400BJJP-5r6,-7,-5S,-6Sr7S 

FAST PAGE MODE 16777216-BlT (4194304-WORO BY 4-BIT) DYNAMIC RAM 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23 ) 





Limits 


Symbol 

Parameter 


M5M417400B-5.-5S 

M5M417400B-6,-6S 

M5M417400B-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 

35 


40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

76 


85 


95 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note24) 

85 

125000 

100 

125000 

115 

125000 

ns 

top 

CAS high pulse width 

(Note25) 

8 

12 

10 

15 

10 

15 

ns 

toPRH 

RAS hold time after CAS precharge 

30 


35 


40 


ns 

toPWD 

Delay time, CAS precharge to W low 

(Note22) 

53 


60 


65 


ns 


Note 23: All previously specified timing requir emen ts and switching characteristics are appllcabie to their respective fast page mode cycle. 
24: tRAS<niin) is Specified as two cycles of CAS Input are performed. 

25: tcp(max) Is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 26 ) 


Symbol 

Parameter 

Limits 

Unit 

M5M417400B-5,-5S 

lM5M417400B-6,-6S j 

|M5M417400B-7,-7S j 

Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RaS low 

10 


10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 


10 


15 


ns 

tRSR 

Read setup time before RaS low 

10 


10 


10 


ns 

tRHR 

Read hold time after RAS low 

10 


10 


15 


ns 


Note 26: Eight or more CAS before flAS cycles instead of eight RAS cycles are necessary for proper operation of Cas before RAS refresh 
mode. 


Self Refresh Cycle 


Symbol 

Parameter 

Limits 

Unit 

M5M417400B-5S 

M5M417400B-6S 

M5M417400B-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRASS 

Self Refresh RAS low pulse width 

100 


100 


100 


A® 

tRPS 

Self Refresh RAS high precharge time 

90 


110 


130 


ns 

tCHS 

Self Refresh RAS hold time 

-50 


-50 


-50 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 

Read hold time after RAS low 

10 


15 


15 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh , 
on the condition of tNS^ 32 ms and tSN ^ 32 ms. 



DISTRIBUTED REFRESH DISTRIBUTED REFRESH 

< 2K / 32 ms > < 2K / 32 ms > 


(2) In case of burst refresh 

The last/first full refresh cycles {2K) must be made within tNS/tSN before / after self refresh , 
on the Condition of tNS + tSN ^ 32 ms. 


1 —~i—irn 

BURST REFRESH 
< 2K / 32 ms > 


tSN 

j I Ml HI 

BURST REFRESH 
<2K/32ms> 
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MITSUBISHI LSIs 


M5M417400BJ,TP-5,-6,-7,-58,-6S,-7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


TEST Mode SET Cycle 


Symbol 

Parameter 

1 Limits 

Unit 

1 M5M417400B-5.-5S 

1 M5M417400B-6,-6S 

1 M5M417400B-7,-7S 

Min 

Max 

Min 


Min 


tWSR 

Wsetup time before RAS low 

10 


10 


10 


ns 

tWHR 

W hold time after RAS low 

10 


10 


15 


ns 


DQi O- 


DQz 


DQa 


DQ4 


-> rnrr 




#3 


#4 


w 


w 




• X #6 


W 


#10 


ITT 




#13 


#14 


ITT 


TTF 


•— ( JUDGE >—O 


JUDGE 




—( JUDGE )—>—O 


—( JUDGE >—O 


DQi 


DQa 


DQ3 


DQ4 
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MITSUBISHI LSIs 


M5M417400BJ,TP-5r6,-7r5Sr6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Timing Diagrams (Note 27) 
Read Cycle 
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M5M417400BJ,TP-5r6,-7,-58,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5l\/l417400BJ,TP-5r6r7r5Sr6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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MITSUBISHI LSIs 

M5M417400BJ,TP-5,-6,-7,-5S,-6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Read-Write, Read-Modify-Write Cycle 
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MITSUBISHI LSIs 


M5M417400BJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BlT) DYNAMIC RAM 


RAS-only Refresh Cycle 



tASR J L tRAH 


ROW 

ADDRESS 


ROW 

ADDRESS 


DQi~DQ4 
(INPUTS) viL 




DQi'-DCM VOH 
(OUTPUTS) w„, 
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MITSUBISHI LSIs 

M5M417400BJ,TP-5,-6,-7,-5Sr6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle 


RAS 

VlH- 


VlL- 


VlH- 


VlL- 


VlH- 

Ao~Aio 

VlL - 


VlH- 

W 

VlL- 

DQi~DQ4 

VlH- 

(INPUTS) 

VlL- 

DQi~DQ4 

VOH - 

(OUTPUTS) 

VOL - 


VlH- 

OE 

VlL- 
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MITSUBISHI LSIS 

M5M417400BJ,TP-5r6r7r5Sr6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 28 ) 



4 - 100 
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MITSUBISHI LSIs 

M5M417400BJ,TP-5,-6r7r5Sr6S,-7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M417400BJ,TP-5r6,-7,-53,-63,-78 


FAST PAGE MODE 16777216-BIT (4194304*WORD BY 4-BIT) DYNAMIC RAM 
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MITSUBISHI LSIs 

M5M417400BJ,TP-5r6r7,-5Sr6Sr7S 

FAST PAGE MODE 16777216>BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 




























> 

o 

ViL 

w 

ViH 


ViL 

DQi~DQ 4 

ViH 

(INPUTS) 

ViL 

DQi~DQ 4 

VOH 

(OUTPUTS) 

VOL 


fiTlfWW*'*' 



nV^kWVv ■ 


v«:vwv« WVV 
4?WWW'i!V4nA' 





4-104 


A MITSUBISHI 
ELECTRIC 

















Self Refresh Cycle 


RAS 


VlH- 
VlL - 


CAS 


VlH- 
VlL - 


Ao~Aio 


ViH - 
ViL - 


w 


VlH- 
VlL - 


DQi~DQ4 

(INPUTS) 


ViH - 
ViL - 


DQi~DQ4 

(OUTPUTS) 


VOH - 
VOL “ 


OE 


ViH - 
ViL - 





MITSUBISHI LSIs 

M5M417400BJ,TP-5,-6,-7,-5Sr6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-word BY 4-BIT) DYNAMIC RAM 
TEST Mode SET Cycle (Note 29) 


RAS 


CAS 


Ao~Aio 


W 


DQi~DQ4 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 


OE 



Note 29; The test mode function is initiated by a W and MS before MS cycle (WCBR cycle) as specified in timing dagram. 

The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a MS only refresh cycle. 

During the test mode, the device is internally organized as 16 bits wide (1M bytes depth). No addressing of CAO, CA1 is required. 

During a write cycle, data must be applied to all DQ (input) pins. The data can be different between DQ pins. The data on each DQ pin is written into 
4 bits memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 4 bits, respectively. High state indicates 
that they are same. Low state indicates that they are not same. 

During the test mode operation, WCBR cycle can be used to perform refresh. 
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M5M417400C JJP-5,-6,-7, 

-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 4194304-worci by 4-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, iow power 
dissipation, and iow costs are essentiai. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 


PIN CONFIGURATION (TOP VIEW) 

vccDI O ^ 

DQl [2 
DQ2[3 

W E 

Nc [I a 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

M5M417400CXX-5,-5S 

mm 

13 

wm 

mm 

wm 

mm 

Kil 

M5M417400CXX-6,-6S 

m 

M5M417400CXX-7,-7S 


Cycle Power 
time dissipa¬ 
tion 


Outline 26P0D-B (SOOmil SOJ) 


•Standard 26pin SOJ, 26pin TSOP 
•Single 5V±10% supply 
•Low stand-by power dissipation 

5.5mW (Max)..-.CMOS Input level 

2.2mW (Max)*.-..CMOS Input level 

•Low operating power dissipation 

M5M417400Cxx-5,-5S-SOO.OmW (Max) 

M5M417400Cxx-6,-6S..- - - 660.0mW (Max) 

M5M417400Cxx-7,-7S-- -.580.0mW (Max) 

•Self refresh capability * 

self refresh current-200.0 fx A(Max) 

• Fast- page mode , Read-modify-write, RAS-only refresh 
•CAS before RAS refresh. Hidden refresh capabilities 
Early-write mode and OE to control output buffer impedance 
•All inputs, output TTL compatible and low capacitance 
•2048 refresh cycles every 32ms (Ao~Aio) 

* Applicable to self refresh version(M5M417400CJ,TP-5S,-6S,-7S 
:option) only 

APPLICATION 

Main memory unit for computers. Microcomputer memory. Refresh 
memory for CRT 



Outline 26P3D-E (SOOmil TSOP) 


NC:NO CONNECTION 


PIN DESCRIPTION 










































MITSUBISHI LSIS 

M5M417400CJ,TP-5r6r7,-5Sr6Sr7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


FUNCTION 

The M5M417400CJ, TP provide, in addition to normal read, write, e.g., fast page mode, RAS-only refresh, and delayed-write. The 

and read-modify-write operations, a number of other functions, input conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

Remark 

Ms 

CAS 


OE 



Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Fast 

page 

mode 

identical 


ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

1 Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 


ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

RAS-onlv refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

NAC 

ACT 

APD 

DNC 

OPN 

VLD 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

■S^i 


CAS before RAS refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-bv 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note: ACT: active, NAC: nonaotive, DNC: don't care, VLD; valid, IVD: invalid, APD: applied, OPN : open 


BLOCK DIAGRAM 


COLUMN ADDRESS _ 

STROBE INPUT CAS 

ROW ADDRESS ^ 

STROBE INPUT 


WRITE CONTROL 
INPUT 


ADDRESS INPUTS •< 


VCC (5V) 
VSS (OV) 



DATA 

INPUTS/OUTPUTS 


OE OUTPUT ENABLE 
INPUT 
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MITSUBISHI LSIs 

M5M417400CJ,TP-5,-6,-7,-5Sr6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-1 ~7 

V 

Vi 

Input voltage 

-1~7 

V 

Vo 

Output voltage 

-1~7 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25”C 

1000 

mW 

Topr 

Operating temperature 


o 

1 

o 

•c 

Tstg 

Storage temperature 


1 -65~150 I 

•c 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70”C, unless otherwise noted) (Note 1 ) 


Symbol 

Parameter 

I Limits 

Min 

Norn 

Max 

Vcc 


4.5 

5 

5.5 

Vss 

Supply voltaqe 

0 

0 

0 

VIH 

High-level input voltage, all inputs 

WBM 


5.5 

VIL 

Low-level input voltage, all inputs 

BESS 


0.8 



Note 1 : All voltage values are with respect to Vss. 

**: VlL(min.) is -2.0V when undershoot width is less than 25ns. (Undershoot width is with respect to VSS.) 


ELECTRICAL CHARACTERISTICS(Ta=0~70°C, Vcc=5V ±10%, Vss=0V, unless othenwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits I 

Unit 

Min I 


Max 

VOH 

High-level output voltage 

IOH=-5.0mA 

WEsm 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=4.2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating 0 V^Vout^5.5V 

-10 


10 

aa 

11 

Input current 

OV ^ViN ^ 5.5V, Other inputs oins=0V 

-10 


10 

aA 

ICC1 (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4) 

M5M417400C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



145 

mA 

M5M417400C-6,-6S 



120 

M5M417400C-7,-7S 



■ES 

|CC2 

Supply current from Vcc, stand-by (Note 5) 

RAS= CAS =ViH, output open 



2 

mA 

R^=C^^ Vcc-0.2V 



0.5 

|CC3 (AV) 

Average supply current 
from Vcc, refreshing 

(Note 3) 

M5M417400C-5,-5S 

RAS cycling, CAS= Vih 

tRC=min. 

output open 



145 

mA 

M5M417400C-6,-6S 



120 

M5M417400C-7,-7S 



105 

ICC4(AV) 

Average supply current 
from Vcc, Fast-Page- 
Mode (Note 3,4) 

M5M417400C-5,-5S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



80 

mA 

M5M417400C-6,-6S 



70 

M5M417400C-7,-7S 



60 

|CC6(AV) 

Average supply current 
from Vcc, CAS before 

RAS refresh mode ^|yjQjg 

M5M417400C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



145 

mA 

M5M417400C-6,-6S 



120 

M5M417400C-7,-7S 



105 


Note 2: Current flowing into an 1C Is positive, out is negative. 

3: ICC1 (AV), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCI (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 


CAPACITANCE (Ta=0-70*C, Vcc=5V±iO%, Vss=0V, unless othenwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

B5R3i 

Max 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

f=1MHz 

Vi=25mVrms 



5 

pF 

lEl^H 

Input capacitance, OE input 



' 7 

pF 

Ci(W) 

Input capacitance, write control input 



7 

pF 

Cl(R^) 

Input capacitance, RAS input 



7 

pF 

Cl (c^) 

Input capacitance, CAS input 



7 

pF 

Ci/o 

Input/Output capacitance, data ports 



8 

_ef_ 
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MITSUBISHI LSIs 

M5M417400CJ,TP-5,-6,-7,-5Sr6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


SWITCHING CHARACTERISTICS(Ta=0 ~70*C, Vcc=5y± 10%, Vss=0V, unless othen/vise noted, see notes 5,12,13) 





Limits 


Symbol 

Parameter 


M5M417400C-5,-5S 

M5M417400C-6,-6S 

M5M417400C-7,-7S 

Unit 




Min 

Max 

Min' 

Max 

Min 

Max 


tCAC 

Access time from CAS 

(Note 6,7) 


13 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note 6,8) 


50 


60 


70 

ns 

tAA 

Column address access time 

(Note 6,9) 


25 


30 


35 

ns 

tCPA 

Access time from CAS orecharae 

(Note 6,10) 


30 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 6) 


13 


15 


20 

ns 

tCLZ 

Output low impedance time from CAS low 

(Note 6) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 11) 

0 

mm 

0 

15 

0 

15 

ns 

tOEZ 

Output disable time after OE high 

(Note 11) 

0 

■EH 

0 

15 

0 

15 

ns 


Note 5;An initial (^use of 500s is required af ter po wer-up follow ed by a minimum of eight initialization RAS cycles. The initialization cycles should be done 
either bv RAS -onlv refresh cycles or by CaS before RAS refresh cycles o nly. 

Note the RAS may be cycled during the initial pause. And any 8 FWS or RAS/CAS cycles are required after prolonged periods (greater than 32ms) of 
RAS inactivity before proper device operation is achieved. 

After the initialization cycles, RAS should be kept either higher than VlH(min) or lower than VlL(max) except RaS transition time. 

6;Measured with a load circuit equivalent to 2TTL loads and 100pF. 

7:Assumes that tRCD ^tRCD(max) and tASC ^tASC(max). 

8:Assumes that tRCO ^tRCD(max) and tRAD ^tRADfmax). If tRCD or tRAO is greater than the maximum recommended value shown in this table, tRAC will 
Increase by amount that tRCD exceeds the value shown. 

9:Assumes that tRAD ^tRAD(max) and tASC ^tASC(max). 

10:Assumes that tCP^ tCP(max) and tASC ^tASC(max). 

11 :tOFF(max) and tOEZ(max) defines the time at which the output achieves the high impedance state (IOUT^|±10//A |) and is not reference to VOH(min) 
or VOL(niax). 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta=0-70°C, Vcc=5V ±10%, Vss=0V, unless othen/vise noted, see notes 12,13) 





Limits 


Symbol 

Parameter 


M5M417400C-5,-5S 

M5M417400C-6,-6S 

M5M417400C-7,-7S 

Unit 




Min 


Min 


Min 

Max 


tREF 

Refresh cycle time 


32 


32 


32 

ms 

tRP 

RAS high pulse width 

30 


40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 14) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


10 


ns 

tRPC 


0 


0 


, 0 


ns 

tCPN 

CAS high pulse width 

10 


10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 15) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 



0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 16) 

0 

10 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

13 


15 


15 


ns 

tDZC 

Delay time, data to CAS low 


0 


0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 17) 

0 


0 


0 


ns 

teDD 

Delay time, CAS high to data 

(Note 18) 

13 


15 


15 


ns 

tODD 

Delay time, OE high to data 

(Note 18) 

13 


15 


15 


ns 

tr 

Transition time 

(Note 19) 

1 

50 

1 

50 

1 

50 

ns 


Note 12;The timing requirements are assumed tr=5ns. 

13;VlH(min) and VIL(max) are reference levels for measuring timing of input signals. 

14:tRCD(max) Is specified as a reference point only. If tRCD Is less than tRCD(niax), access time is tRAC If tRCD is greater than tRCD(max), access time is 


controlled exclusively by tCAC or tAA. tRCD(min) is specified as tRCD(min) =tRAH(niin) +2tH+tASC(min). 

15:tRAD(max) is specified as a reference point only. If tRAD ^tRAD(max) and tASC ^ tASC(max), access time is controlled exclusively by tAA. 

16:tASC(max) is specified as a reference point only. If tRCD ^tRCD(tnax) and tASC ^ tASC(max), access time is controlled exclusively by tCAC 
17:Either tDZC ortDZO must be satisfied. 

18:Either tCDD or tODD must be satisfied. 

19:tT is measured between VIH(min) and VlL(max). 
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MITSUBISHI LSIs 

M5M417400CJ,TP-5r6,-7,-58,-6Sr7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Read and Refresh Cycles 




Read cycle time 


RAS low pulse width 


CAS low pulse width 


CAS hold time after RAS low 




Read setup time after CAS high 


Read hold time after CAS low 


Read hold time after RAS low 


Column address to RAS hold time 




RAS hold time after OE low 


Either tRCH or tRRH must be satisfied for a read cycle 


Write Cycle (Early Write and Delayed Write) 
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MITSUBISHI LSIS 

M5M417400CJ,TP-5,-6,-7,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M417400C-5,-5S 

M5M417400C-6,-6S 

M5M417400C-7,-7S 

Min 

Max 

Min 


Min 

Max 

tRWC 

Read write/read modify write cycle time (Note 21) 

131 


155 




ns 

tRAS 

RAS low pulse width 

91 

lliMtM 

105 

ITr!!7il 

120 

m 

ns 

tCAS 

CAS low pulse width 

54 


60 


70 


ns 

tCSH 

CAS hold time after RAS low 

91 


105 


120 

■■ll 

ns 

tRSH 

RAS hold time after CAS low 

54 


60 


70 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 22) 

36 


40 


45 


ns 

tRWD 

Delay time, RAS low to W low (Note 22) 

73 


85 


95 


ns 

tAWD 

Delay time, address to W low (Note 22) 

48 


55 


60 


ns 

tCWL 

CAS hold time after W low 

13 


15 


20 


ns 

tRWL 

RAS hold time after W low 

13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


10 


ns 

tDS 

Data setup time before W low 

0 


0 


0 


ns 

tDH 


8 


10 


15 


ns 

tOEH 


13 


15 


15 


ns 


Note 21 :tRWC is specified as tRWC(tnin)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+5tT. 

22:twcs, tCWD, tRWD and tAWD and, tCPWD are specified as reference points only. If twcs^twcs(min) the cycle is an eariy write cycle and the DQ pins wili 
remain high impedance throughout the entire cycle. If tCWDStCWD(min), iRWDStRWD (min), tAWO^tAWD(min) and tCPWDStCPWD(min) 

(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will co ntain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indetertninate. 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycie) (Note 23) 





Limits 


Symbol 

Parameter 


M5M417400C-5,-5S 

M5M417400C-6,-6S 

M5M4174(X>C-7,-7S 

Unit 




Min 

Max 

Min 


Min 

Max 


tPC 

Fast page mode read/write cycle time 

35 


40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

76 


85 


95 


ns 

tRAS . 


(Note 24) 

85 


100 


115 

RSI 

ns 

tCP 

CAS high pulse width 

(Note 25) 

8 

12 

10 

15 

10 

15 

ns 

tCPRH 

RAS hold time after CAS precharge 

30 




40 


ns 

tCPWD 

Delay time, CAS precharge to W low 




60 


65 


ns 


Note 23; All previously specified timing require ments and switching characteristics are applicable to their respective fast page mode cycle. 
24: tRAS(min) is specified as two cycles of CAS input are performed. 

25: tCP(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 26 ) 


Symbol 

Parameter 

Limits 

Unit 

M5M417400C-5,-5S 

M5M417400C-6,-6S 

M5M417400C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


10 


ns 

tCHR 


10 


10 


15 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 


10 


10 


15 


ns 


Note 26; Eight or more CAS before RAS cycles instead of eight RAS'cycles are necessary for proper operation of CAS before RAS refresh mode. 
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MITSUBISHI LSIs 

M5M417400CJ,TP-5,-6,-7,-58,-6Sr7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vcc=5V ±10%, Vss=0V, uniess otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

BS 

Max 

|CC8(AV) 

Average supply current 
from vcc 

Slow-Refresh cycle 

(Note 5) 

M5M417400C (S) 

CAS before RAS refresh cycling 
or RAS cyciing & CAS ^0.2V 
OE&WE^0.2V 
or^&WE^Vcc-0.2V 

Ao~ Aio^0.2V 
or Ao ~ Aio ^Vcc-0.2V 
tREF=128ms (2048cycles) 
output = OPEN 
tRAS=tRAsmin. ~1s 



500 

aA 

|CC9 (AV) 

Average supply current 
from Vcc 

Self-Refresh cycle 

(Note 5) 

M5M417400C (S) 

R^ = C^^0.2V 
output = OPEN 

■ 

■ 

200 

aA 


TIMING REQUIREMENTS (Ta=0~70“C, Vcc=5V± 10%, Vss=0V, unless othenwise noted, see notes 12, 13) 


Symbol 

Parameter 

Limits 

Unit 

M5M417400C-5S 

M5M417400C-6S 

M5M417400C-7S 

Min 

Max 

Min 


Min 

Max 

tRASS 

Self Refresh RAS low oulse width 



■EEl 


100 


AS 

tRPS 

Self Refresh RAS hiah precharqe time 

90 


110 




ns 

tCHS 

Seif Refresh RAS hold time 

-50 


-50 


-50 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 


10 


10 


15 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (2K) must be made within tNS / tsN before / after seif refresh, on the condition of tNS^32ms and 
tSN^32ms. 



DISTRIBUTED REFRESH 
<2K/32 ms> 


Self refresh period 



DISTRIBUTED REFRESH 
<2K/32ms> 


(2) In case of burst refresh 

The last / first fuii refresh cycles (2K) must be made within tNS / tSN before / after seif refresh, on the condition of tNS+tSN^32ms. 



BURST REFRESH 
<2K/32ms> 




tSN 


Self refresh period 



BURST REFRESH 
< 2K / 32 ms > 
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MITSUBISHI LSIS 

M5M417400CJ,TP-5,-6,-7,-58,-6Sr7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


TEST Mode SET Cycle 


Limits 


M5M41740005,-58 M5M41740006,-68 M5M41740007,-78 


Min Max Min 


10 10 


10 10 


IBSlSj 


IBS 



Note 27:The test mode function is initiated by a W and CASbefore RASwcie (WCBR cycle) as specified in timin g diyi ram. 

The test mode function is terminated by either a CAS before RaS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 

During the test mode, the device is Internally organized as 16-bits wide (1M b^es depth). No addressing of CAo and CAi is required. 

During a write cycle, data must be applied to all DQ (input) pins. The data can be different between DQ pins. The data on each DQ pin Is written Into 
4-bits memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 4-bits, respectively. High state indicates 
that they are same. Low state indicates that they are not same. 

During the test mode operation, only WCBR cycle can be used to perform refresh. 
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MITSUBISHI LSIs 

M5M417400CJJP-5r6r7r5Sr6S,-7S 


FAST PAGE MODE 16777218-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Timing Diagrams (Note 28) 
Read Cycle 



Note 28 



Indicates the don't care input. 
VlH(min)SVlN^VlH(max) or VlL(min)gVIN^VlL(max) 



Indicates the invalid output. 
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MITSUBISHI LSIs 

M5M417400CJ,TP-5,-6r7r5S,-6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Write Cycle (Early write) 




DQi~DQ 4 Hi-Z 

(OUTPUTS) voL- 


OE 
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MITSUBISHI LSIs 

M5M417400CJ,TP-5,-6r7,-5S,-6Sr7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M417400CJ,TP-5,-6r7r5Sr6S,-7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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MITSUBISHt LSIS 

M5M417400CJ,TP-5,-6,-7,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY4-BtT) DYNAMIC RAM 


RAS-only Refresh Cycle 



DQi~DQ 4 Hi-z 

(OUTPUTS) voL- 
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MITSUBISHI LSIs 

l\/l5IVI417400CJ,TP-5r6r7,-5Sr6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle, Slow Refresh Cycle 




4-120 


A MITSUBISHI 
ELEGTRIC 














MITSUBISHI LSIs 

M5M417400CJ,TP-5,-6r7r5Sr6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 29) 




Note 29; Early write, delayed write, read write or read modify write cycle is applicable Instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

And in any cycle, tRSR & tRHR should be satisfied not to enter TEST MODE . 
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M5M417400CJ,TP-5r6,-7,-58,-6S,-7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M417400CJ,TP-5,-6r7,-5Sr6S,-7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M417400CJ,TP-5,-6,-7,-58,-6Sr7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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MITSUBISHI LSIs 

M5M417400CJ,TP-5,-6r7r5Sr6Sr7S 

__ FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write,Read-Modify-Write Cycle 
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MITSUBISHI LSIs 

M5M417400CJ,TP-5r6,-7,-5S,-6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Self Refresh Cycle 
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M5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 



A 


MITSUBISHI 

ELECTRIC 


4-127 













MITSUBISHI LSIs 


M5M417405CJ,TP-5,-6,-7, 

CQ OO 70 

. -00,-00,-7b 

" HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 4194304-word by 4-bit dynamic RAMs with 
Hyper Page mode faction, fabricated with the high performance 
CMOS process, and is ideai for iarge-capacity memory systems 
where high speed, iow power dissipation, and iow costs are 
essential. 

The use of doubie-iayer metai process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Muitiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Seif refresh current is iow enough for 
battery back-up application. 


FEATURES 


Type name 

RAS 

access 

time 

[max.ns) 

CAS 

access 

time 

(max.ns) 

Address 
access 
time 
(max. ns) 

OE 

access 

time 

(max.ns) 

Cycie 
time 
(min.ns) 


M5M417405CXX-5,-5S 

1^1 

mm 

wm 

■El 

90 


M5M417405CXX-6,-6S 


mm 


mm 

HI 

msm\ 

M5M417405CXX-7,-7S 

HI 

KJl 

wm 

HI 


KE3 


XX=J.TP 


•Standard 26pin SOJ, 26pin TSOP 
•Single 5V±10% supply 
•Low stand-by power dissipation 

5.5mW (Max).-.-..CMOS Input level 

1.1 mW (Max) *...CMOS Input level 

•Low operating power dissipation 

M5M417405Cxx-5,-5S.-.- sOOmW (Max) 

M5M417405Cxx-6,-6S-- 660mW (Max) 

M5M417405Cxx-7,-7S.-.-.- - 580mW (Max) 

•Self refresh capability * 

Self refresh current.-.-.200/<A(Max) 

•Hyper pag e mode (2048 -colu mn ran dom a ccess), Read-modify- 
write, RAS-only refresh, CAS before RAS refresh. Hidden refresh 
capabilities. _ _ 

Early-write mode, OE and W to control output buffer impedance 
•All inputs, outputs TTL compatible and low capacitance 
•2048 refresh cycles every 32ms (Ao ~Aio) 

* -.Applicable to self refresh version(M5M417405CJ,TP-5S,-6S, 
-7S:option) only 

APPLICATION 

Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 


PIN CONFIGURATION (TOP VIEW) 


vccE 


VSS 

DQl[I 


I1|dq4 

DQad 


23|DQ3 

WE 

> 

UCAS 


s 

moE 

NC E 

(n 

S 

ill a9 

AlO E 

0 

[Das 

AO E 

iH A7 

At Go 


[7] AS 

A2 03 


in As 

A3 01 


iIlA4 

vcc OS 


iH vss 

Outline 26P0D-B (300mil SOJ) 

vccE 


H vss 

DQiE 


H DQ4 

DQ2[I 


iS DQ3 

WE 


UCAS 

rasE 

3 

Ol 

Hoe 

NC E 

3 

23 A9 

AlO E 

o 

ID As 

AO E 

H 

T3 

iH A7 

At Qo 


i3 As 

A2 [B 


H As 

A3 


H A4 

Vcc Qi 


Hi vss 

Outline 26P3D-E (300mil TSOP) 

NC:NO CONNECTION 


PIN DESCRIPTION 


Pin name 

Function 

Ao~Aio 

Address inputs 

DQi~DQ4 

Data inputs/outputs 


Row address strobe input 

CA§ 

Column address strobe input 

W 

Write control input 

OE 

Output enable input 

Vcc 

Power supply (+5V) 

Vss 

Ground (OV) 


A MITSUBISHI 
ELECTRIC 


4-128 




































MITSUBISHI LSIs 


PBEUM'N?;?! 


M5M417405C J,TP-5,-6,-7,-58,-68,-78 




HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


FUNCTION 

In addition to Hyper Page Mode, normal read, write and read- of other functions, e.g., RAS-only refresh, and delayed-write. The 

modify-write operations the M5M417405CJ, TP provides a number input conditions for each are shown in Table 1. 


Table 11nput conditions for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

Remark 

RAS 

CAS 

W 

OE 



Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Hyper 

page 

mode 

identical 

Write (Early write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 

Read-modify-write 

ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

RAS-only refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

NAC 

ACT 

APD 

DNC 

OPN 

VLD 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


CAS before RAS refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note : ACT: active, NAC: nonactive, DNC: don't care, VLD : vaiid, iVD : invalid, APD : applied, OPN : open 


BLOCK DIAGRAM 


COLUMN ADDRESS 

STROBE iNPUT ^ 
ROW ADDRESS raS 
STROBE iNPUT 

WRiTE CONTROL 
iNPUT 


ADDRESS iNPUTS< 



VCC (5V) 
VSS (OV) 


DQl 

DQ 2 I DATA 

DQaf iNPUTS/OUTPUTS 
DQ4 


OE OUTPUT ENABLE 
iNPUT 
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MITSUBISHI LSIs 

M5M417405CJ,TP-5,-6,-7,-5Sr6S,-7S 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BiT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-1 ~7 

V 

Vi 

Input voltage 

-1~7 

V 

Vo 


-1 ~7 

V 

lo 

Output current 1 


50 

mA 

Pd 

Power dissipation 

Ta=25'’c 

1000 

mW 

Topr 

Operating temperature 


o 

1 

o 

*C 

Tstg 

Storage temperature 


1 -65 ~ 150 ! 

“C 


^ nova u, 




RECOMMENDED OPERATING CONDITIONS (Ta=0~70*C, unless otherwise noted) (Note i) 


Symbol 

Parameter 

Vcc 

Supply voltage 

Vss 



High-level input voitage, ail inputs 

VIL 1 

Low-level input voltage, all inputs 



Note 1 : All voltage values are with respect to Vss. 

**: VlL(min.) is -2.0V when undershoot width is less than 25ns. (Undershoot width is with respect to VSS.) 


ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vcc=5V ±10%, Vss=0V, unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits I 

Unit 

Min 


Max 

VOH 

High-level output voltage 

loH=-5.0mA 

2.4 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=4,2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating, OV ^Vout ^ 5.5V 

-10 


10 

aa 

11 

Input current 

0V^in^+ 6.5V, Other inputs pins=0V 

-10 


_10 

ma 

Icci (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M417405C-5,-5S 

RAS, CAS cycling 
tRc=twc=min. 
output open 



BE9 

mA 

M5M417405C-6,-6S 



120 

M5M417405C-7,-7S 



105 

|CC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

R^= CAS ^Vcc -0.2V, output open 



0.5 

|CC3(AV) 

Average supply current 
from Vcc, RAS only 
refresh mode (Note 3,5) 

M5M417405C-5,-5S 

RAS cycling, CAS= ViH 

tRc=min. 

output open 



145 

mA 

M5M417405C-6,-6S 




M5M417405C-7,-7S 



I 105 1 

|CC4(AV) 

Average supply current 
from Vcc, Hyper Page 
Mode (Note 3,4,5) 

M5M417405C-5,-5S 

RAS=Vil, CAS cycling 

tHPC=min. 

output open 




mA 

M5M417405C-6,-6S 



115 

M5M417405C-7,-7S 



90 

|CC6(AV) 

Average supply current 
frijm Vcc, CAS before RAS 
refresh mode (Note 3,5| 

M5M417405C-5,-5S 

CAS before RAS refresh cycling 

tnc=min. 
output open 



145 

mA 

M5M417405C-6,-6S 



120 

M5M417405C-7,-7S 





Note 2: Current flowing into an 1C is positive, out is negative. 

3; ICGi (AV), 1CC3 (AV), ICC4 (AV) and 1CC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4; ICCt (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

5: Under condition of column address being changed once or less while RAS=V IL and CAS=VIH 


CAPACITANCE (Ta=0~70°C, Vcc=5V±10%, Vss=0V, unless othenwise noted) 
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MITSUBISHI LSIs 




M5M417405CJ,TP-5,-6,-7,-5S,-6S,-7S 


305-n^ 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


SWITCHING CHARACTERISTICS (Ta=0~70°C, Vcc = 5V±10 %, Vss=0V, unless othen/vise noted, see notes 6,14,15) 


Symbol 

Parameter 

Limits 

Unit 

M5M417405C-5,-5S 


M5M417405C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCAC 

III' liiJif \ 

(Note 7,8) 


13 


15 



ns 

tRAC 

Access time from RAS 

(Note 7,9) 


50 


60 


70 

ns 

tAA 

Column address access time 

(Note 7,10) 


25 


30 


35 

ns 

tCPA 

Access time from CAS precharqe 

(Note 7,11) 


30 


35 


40 

ns 

tOEA 

Access time from OE 

■■KMSB] 


13 


15 


20 

ns 

tOHC 


(Note 13) 

5 


5 


5 


ns 

tOHR 


(Note 13) 

5 


5 


5 


ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


5 


ns 

tOEZ 

Output disable time after OE high 

(Note 12) 


13 


15 


20 

ns 

tWEZ 

Output disable time after WE high 

(Note 12) 


13 


15 


20 

ns 

tOFF 

Output disable time after CAS high 

(Note 12,13) 


13 


15 


20 

ns 

tREZ 

Output disable time after RAS high 

(Note 12,13) 


13 


15 


20 

ns 

tDOH 


5 


5 


5 


ns 


Note 6;An initial pause of 500 fis is required af ter po wer-u p follo wed by a minimum of eight initialization RAS cycles. The initialization cycles should be done 
either by RAS -only refresh cycles or by CAS before RAS refresh cycles o nly. _ 

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 32ms) of 

RAS inactivity before proper devic e operation is achieved. _ 

After the initialization cycles, RAS should be kept either higher than V IH(min) or lower than VIL(max) except RAS transition time. 

7:Measured with a load circuit equivalent to lOOpF. 

The reference levels for measuring of output signals are 2.0V(V OH) and 0.8V(VOL). 

8 :Assumes that tRCDStRCD(max) and tASCitASC(max) and tCP^ tCP(max). 

9:Assumes that tRCD^tRCD(niax) and tRAD^tRAD(max). If tRCD or tRAD Is greater than the maximum recommended value shown in this table, tRAC will 
increase by amount that tRCD exceeds the value shown. 

10:Assumes that tRAD^ tRAD(max) and tASCitASC(max). 

11 :Assumes that tCPStCP(max) and tASCStASC(max). 

12:tOEZ (max), tWEZ(max), tOFF(max) and tREZ(max)defines the time at which the output achieves the high impedance state (I OUT^ | ± 10;u A| ) and is not 

reference to VOH(min) or VO L(m^ ). _ 

13:Output is disabled after both RAS and CAS go to high. 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write,Refresh, and Fast-Page Mode Cycles) 

(Ta=0 ~70°C, Vcc = 5V ±10%, Vss=0V, unless otherwise noted, see notes 14,15) 





Limits 


Symbol 

Parameter 


M5M417405C-5,-5S 

M5M417405C-6,-6S 

M5M417405C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


32 


32 


32 

ms 

tRP 

RAS high pulse width 

30 


40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 16) 

18 

32 

20 

38 

20 

42 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


0 


ns 

tCPN 

CAS high pulse width 

8 


10 


13 


ns 

tRAD 

Column address delay time from RAS low 

(Note 17) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 18) 

0 

10 

0 

13 

0 

13 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CaS low 

8 


10 


10 


ns 

tDZC 

Delay time, data to CAS low 

(Note 19) 

0 


0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 19) 

0 


0 


0 


ns 

tRDD 


(Note 20) 

13 


15 


20 


ns 

tCDD 

Delay time. CAS high to data 

(Note 20) 

13 


15 


20 


ns 

tODD 

Delay time, OE high to data 

(Note 20) 

13 


15 


20 


ns 

tr 

Transition time 

(Note 21) 

1 

50 

1 

50 

1 

50 

ns 


Note 14; The timing requirements are assumed tT=2ns. 

15: VIH(min) and VlL(max) are reference levels for measuring timing of input signals. 

16: tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tAA. 

17: tRAD(max) is specified as a reference point only. If tRADStRADfmax) and tASC^tASC(max), access time is controlled exclusively by tAA. 

18: tASCfmax) Is specified as a reference point only. If tRCDStRCD(max) and tASCitASC(max), access time is controlled exclusively by tCAC. 

19: Either tDZC or tDZO must be satisfied. 

20; Either tRDD or tCDD or tODD must be satisfied. 

21: tr is measured between VIH(min) and VlL(max). 
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MITSUBISHI LSIs 


M5M417405CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT(4194304-WORDBY4-BIT) DYNAMIC RAM 



Read and Refresh Cycles 


Symbol 

Parameter 

Limits 1 

Unit 

M5M417405C-5,-5S | 


M5M417405C-7,-7S | 

— 






tRC 

Read cycle time 



■EH 

I I 

HKiM 


ns 

tRAS 

RAS low pulse width 


Kri!iWil 

IH 


mm 

KTOiWtl 

ns 

tCAS 

CAS low pulse width 

8 


HiH 


■EH 


ns 

tCSH 

CAS hoid time after RAS iow 

40 


mm 


55 


ns 

tRSH 

RAS hoid time after CAS iow 

mm 


■Hi 


20 


ns 

tRCS 

Read Setup time before CAS iow 

0 


0 


mol 


ns 

tRCH 

Read hoid time after CAS hiqh (Note 22) 

0 


0 


HEB 


ns 

tRRH 

Read hoid time after RAS hiah (Note 22) 

0 


_Q_ 


HEB 


ns 

tRAL 

Coiumn address to RAS hoid time 

B9 


IRSH 


■ai 


ns 

tCAL 

Coiumn address to CAS hoid time 

mam 


■EH 


EH 


ns 

tORH 

RAS hold time after OE iow 

■eh 


mm 




ns 

tOCH 


■EH 


1 15 I 


H^H 


ns 


Note 22: Either tRCH or tRRH must be satisfied for a read cycie. 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

I Limits 1 

Unit 

M5M417405C-5,-SS | 

M5M417405C-6,-6S | 

M5M417405C-7,-7S | 

Min 


Min 1 

Max 

Min 1 


twc 

Write cvcie time 

90 

rin 

BEEH 


HEIiH 

rzn 

ns 

tRAS 

RAS low pulse width 

50 


60 


70 

ll»!t!«!tl 

ns 

tCAS 

CAS iow pulse width 

8 

BSSI 

10 


13 

1I»M«M 

ns 

tCSH 

CAS hold time after RAS iow 

40 


48 


55 


ns 

tRSH 

RAS hold time after CAS iow 

13 


15 


20 


ns 

twcs 

Write setup time before CAS low (Note 24) 

0 


0 


0 


ns 

tWCH 


8 


10 


13 


ns 

tCWL 


8 


10 


13 


ns 

tRWL 

RAS hold time after W iow 

8 


10 


13 


ns 

tWP 

Write puise width 

8 


10 


13 


ns 

tPS 

Data setup time before CAS low or W low 

0 


0 


0 


ns 

tOH 

1 lit] II ■ 111 irts:li 

8 


10 


13 


ns 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 1 

Unit 

1 M5M417405C-5,-5S | 

M5M417405C-6,-6S | 

M5M417405C-7,-7S | 

1 Min 1 

Max 

Min I 

Max 

Min 

Max 

tRWC 

Read write/read modify write cycle time (Note 23) 

mtim 


heih 


161 


ns 

tRAS 

RAS low pulse width 

75 


89 


107 


ns 

tCAS 

CAS low pulse width 

38 


44 

■imuia 

57 


ns 

tCSH 

^msm^mmmmm^m^m 

70 


82 


99 


ns 

tRSH 

RAS hoid time after CAS iow 

keh 


44 


mm 


ns 

tRCS 

Read setup time before CAS iow 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 24) 

28 


32 


42 


ns 

tRWD 

Delay time, RAS iow to W iow (Note 24) 

65 


77 


92 


ns 

tAWD 

Delay time, address to W low (Note 24) 

40 


47 


57 


ns 

tOEH 


13 


15 


20 


ns 


Note 23: tRWC is specified as lRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tT. 

24: twcs, tcWD, tRWD and tAWD and, tCPWD are specified as reference points only. If twcs^twcs(min) the cycle is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tcWD^tcWD(min), tRWDitRWD(min), tAWD^tAWD(min) and tCPWDfetCPWD(min) (for hyper 
page mode cycle only), the cycle is a read-modify-write cycl e and the DQ will contain the data read from the selected address. If neither of the above 
condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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MITSUBISHI LSIs 




M5M417405CJ,TP-5r6,-7r5S,-6Sr7S 


" HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hyper page Mode Cycle 


(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 


Symbol 

Parameter 

Limits 

Unit 

M5M417405C-5,-5S 

M5M417405C-6,-6S 

M6M417405C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tHPC 

Hyper page mode read/write cycle time (Note 26) 

20 


25 


30 


ns 

tHPRWC 

Hyper Page Mode read write/read modify write cycle time 

57 


66 


79 


ns 

tRAS 

RAS low pulse width for read or write cycle (Note 27) 

65 

ipnnnm 

77 


92 


ns 

tCP 

CAS high pulse width (Note 28) 

8 

13 

10 

16 

13 

16 

ns 

tCPRH 

RAS hold time after CAS precharqe 

28 


K9 


38 


ns 

tCPWD 

Delay time, CAS precharqe to W low (Note 24) 

43 


50 


60 


ns 

tCHOL 

Hold time to maintain the data Hi-Z until CAS access 

7 


7 


7 


ns 

tOEPE 


7 


7 


7 


ns 

tWPE 


7 


7 


7 


hs 

tHCWD 

Delay time, CAS low to W low after read 

28 


32' 


42 


ns 

tHAWD 

Delay time. Address to W low after read 

40 


47 


57 


ns 

tHPWD 

Delay time, CAS precharge to W low after read 

43 


50 


60 


ns 

tHCOD 

Delay time, CAS low to OE high after read 

13 


15 


20 


ns 

tHAOD 

Delay time. Address to OE high after read 

25 


30 


35 


ns 

tHPOD 

Delay time, CAS precharqe to Oe high after read 

28 


33 


38 


ns 


Note 25: All previously specified timing requirements and switching characteristics are appiicable to their respective Hyper page mode cycle. 
26: tHPC(min) is specified in the case of read-only and early write-only in Hyper Page Mode. 

27: tRAS(min) is specified as two cycles of CAS Input are performed. 

28: tCP(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 29) 


Symbol 

Parameter 

Limits 

Unit 

M5M417405C-5,-5S 

M5M417405C-6,-6S 

M5M417405C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

5 


5 


5 


ns 

tCHR 

CAS hold time after RAS low 

10 


10 


15 


ns 

tCAS 

CAS low pulse width 

17 


17 


22 


ns 

tRSR 

Read setup time before RAS low 

5 


5 


5 


ns 

tRHR 

Read hold time after RAS low 

10 


10 


■DSH 


ns 


Note 29: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 


Hidden Refresh Cycle (Note 30) 


Symbol 

Parameter 

1 Limits 

Unit 

1 M5M417405C-5,-5S 

1 M5M417405C-6,-6S { 

1 M5M417405C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRSR 

Read setup time before RAS low 

5 


5 


5 


ns 

tRHR 

1 1 if»] w ■ 11 1 ii*u ca ■ 

10 


10 


15 


ns 


Note 30: Read, early write, delayed write, read write or read-modify-write cycle is applicabie to hidden refresh cycie. In all cases tRSR and tRHR should be 
satisfied. 
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MITSUBISHI LSIs 




M5M417405CJ,TP-5,-6,-7,-58,-6Sr7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta=0~70*C, Vcc=5V ±10%, Vss=0V, unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 


BS 


Ices (AV) 

Average supply current 
from vcc 

Slow-Refresh cycle 

(Note 6) 

M5M417405C (S) 

CAS before RAS refresh cycling 
or R^ cycling & CASg 0.2V 
OE&WE^0.2V 
or OE&WE^Vcc-0.2V 

Ao~ Aio^ 0.2V 
or Ao~ Aio^ VCC-0.2V 
tREF=128ms (2048cycles) 
output=OPEN 
tRAS=tRAsmin. ~1 // s 

1 


500 

AtA. 

|CC9(AV)* 

Average supply current 

from wc 

Self-Refresh cycle 

(Note 6) 

M5M417405C (S) 

R^=CAS ^ 0.2V 
output = OPEN 

■ 

■ 

200 

aA 


TIMING REQUIREMENTS (Ta=0~70'’C, Vcc=5V±10%. Vss=0V, unless otherwise noted, see notes 14,15) 


Symbol 

Parameter 

Limits 

Unit 

M5M417405C-5S 

M5M417405C-6S 

M5M417405C-7S 

BH 




Min 


tRASS 

Self Refresh RAS low pulse width 

100 


100 


100 


ATS 

tRPS 

Self Refresh RAS high precharge time 

■IB 


110 


■kH 


ns 

tCHS 

Self Refresh RAS hold time 



-50 


-50 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 


10 


10 


15 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (2K) must be made within tNs/tsN before / after self refresh, on the condition of tNS^32ms and 
tsN^32ms. 





r ^1 


“ ^1 

.'.i'...111L... 111 1 

Self refresh period 

II1 n...... :i... 

1111 Ml 1_ 

DISTRIBUTED REFRESH 

__INI INI 

DISTRIBUTED REFRESH 

< 2K / 32 ms > 


< 2K / 32 ms > 


(2) In case of burst refresh 

The last / first full refresh cycles (2K) must be made within tNS /tsN before / after self refresh, on the condition of tNS +tSNg32nns. 

|, tNS |/SN| 

"im I IT I_ Self refresh period n H ||||” |f 

BURST REFRESH BURST REFRESH 

< 2K / 32 ms > < 2K / 32 ms > 
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M5M417405CJ,TP-5,-6r7r5Sr6S,-7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


TEST Mode SET Cycle (Note 31 ) 

I I I Limits 


Symbol Parameter | M5M4i 740505 , -ss | M5M417405C-6.-6s | msm417405C-7,-7S | Unit 



Note 31:The test mode function is initiated by a W and CAS before ftAS cycie (WCBB cycie) as specified in timing diagram. 

The test mode function is terminated by either a CAS before RAS refresh cycie (CBR refresh cycie) or a RAS oniy refresh cycie. 

During the test mode, the device is internaiiy organized as 16-bits wide (1M bytes depth). No addressing of CAo and CAi is required. 

During a write cycie, data must be appiied to ail DQ (input) pins. The data can be different between DQ pins. The data on each DQ pin is written into 
4-bits memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 4-bits, respectively. High state indicates that 
they are same. Low state indicates that they are not same. 

During the test mode operation, only WCBR cycle can be used to perform refresh. 
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M5M417405CJ,TP-5r6r7,-5Sr6S,-7S 


■this w ® 

s HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Timing Diagrams (Note 32) 
Read Cycle 




Note 32 



Indicates the don't care input. 
VlH(min)^VlN£VlH(max) or VlL(min)SVlN^ViL(max) 


Indicates the invalid output. 
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M5M417405CJ,TP-5,-6,-7,-5S,-6S,-7S 




HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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HYPER PAGE MODE 1677721&-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Delayed Write Cycle 


RAS 


CAS 


Ao~Aio 


W 


DQi~DQ4 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 


OE 
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HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 



Hyper Page Mode Read-Write, Read-Modify-Write Cycle 


RAS 


CAS 


Ao~Aio 


W 


DQi~DQ4 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 


OE 
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HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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_ HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle (Hi-Z control by OE) 
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M5M417405CJ,TP-5,-6,-7,-58,-68,-78 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 



4-146 


A 


MITSUBISHI 

ELECTRIC 























MITSUBISHI LSIs 




M5M417405CJ,TP-5,-6,-7,-5S,-6S,-7S 


ThW i'*' 


to change- 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M417405CJ,TP-5,-6,-7,-5S,-6S,-7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 33) 



dqi~dq4 ; 

(INPUTS) VIL-: 


DQi~DQ4 

(OUTPUTS) 



ROW 

ADDRESS 


tOFF ^ 
tOHC 


Note 33: Early write, delayed write, read write or read modify write cycle Is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

In all cases tRSR and tRHR should be satisfied. 
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M5M417405CJ,TP-5r6,-7r5S,-6Sr7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Self Refresh Cycle, Slow Refresh Cycle 


tRPC tCSR 



tCHS tCRP 


ROW 

.ADDRESS 


tRCH tRSR tRHR 


DQi~DQ4 

(INPUTS) 



DQi~DQ4 
(OUTPUTS) _ 
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M5M417405CJ,TP-5,-6r7r5S,-6S,-7S 


Now®'^,grne”'“^ """ 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


TEST Mode SET Cycle 


DQi~DQ4 

(INPUTS) 


tRPC , tpSR tCHR 


tRCH , tWSR tvvHR 



DQi'-DQ4 

(OUTPUTS) 


Note 34: This cycle can be used for initialized cycle after power-up, however entried Into Test Mode. 
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M5M417800AJ,TP-6,-7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 2097152-word by 8-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideai 
for iarge-capacity memory systems where high speed, iow power 
dissipation, and iow costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 


FEATURES 



RAS 

CAS 

Address 

OE 

Cycle 

time 

Power 

Type name 

access 

access 

access 

access 

dissipa- 

time 

time 

time 

time 


tlon 


(max.ns) 

(max.ns) 

(max.ns) 

(max.ns) 

(min.ns) 

(typ.mW) 

M5M417800AXX-6,-6S 

60 

15 

30 

15 

110 

540 

M5M417800AXX-7,-7S 

70 

20 

35 

20 

130 

475 


XX-J.TP 

• Standard 28 pin SOJ, 28 pin TSOP 

• Single 5V± 10%supply 


• Low stand-by power dissipation 

5.5mW (Max).CMOS Input level 

2.2mW*(Max)... CMOS Input level 

• Low operating power dissipation 

M5M417800AXX- 6, -6S..660.0mW (Max) 

M5M417800AXX- 7, -7S...580.0mW (Max) 

•Self refresh capability * 

self refresh current. . .400.O nA (M ax) 

• Fast-p age m ode. Read-modify-write,RAS-only refresh, CAS 
before RAS refresh. Hidden refresh capabilities 

• Early-write mode and OE to control output buffer impedance 
•All inputs, output TTL compatible and low capacitance 
•2048 refresh cycles every 32ms (Ao~Aio) 

‘Applicable to self refresh version (M5M417800AJ, TP-6S, 

-7S : option only) 

APPLICATION 

Main memory unit for computers, Microcomputer memory. Refresh 
memory for CRT 


PIN CONFIGURATION (TOP VIEW) 


(5V) Vcc K 


i] Vss (OV) 


' DQi [I 


m DCte' 


DATA 

DQ2 e 


H dq7 

DATA 

INPUTS/-^ 


p] DQe 

y INPUTS/ 

OUTPUTS 

DQ3 [T 


OUTPUTS 


DQ4 E 

S 

E] DQs 


WRITE CONTROL TT re 
INPUT L2. 

Ol 

S 

551 75^ COLUMN ADDRESS 
"J STROBE INPUT 

HOWAODRESS R^IT 
STROBE INPUT 


mlyp OUTPUT ENABLE 
^ INPUT 


NC E 


El A9 ] 



Aio E 

I 

^ A8 



Ao H 

c. 

HI A7 

.ADDRESS 

ADDRESS 
INPUTS ] 

Ai E 


iU Ae 

INPUTS 


A 2 in 


iZl As 



. Aain 


H A4 J 


(5V) Vcc E 


ill Vss (OV) 


Outline 28P0K (400mil SOJ) 


(5V) Vcc K 


H Vss (OV) 


' DQi E 


27] DQs' 


DATA 

dq2 e 


^ DQ7 

DATA 

INPUTS/-^ 


INPUTS/ 

OUTPUTS 

dq3 e 


^ DQe 

OUTPUTS 


dq4 E 


m DQs 


WRITE CONTROL fe" 

INPUT ^ 

s 

23l TTTq COLUMN ADDRESS 
£21 OAb STROBE INPUT 

ROW ADDRESS RAS [I 
STROBE INPUT 

NC E 


^OE f 

)UTPUT ENABLE 
MPUT 

00 

o 

III a 9 i 


' Aio E. 

o 

> 

El A8 



Ao F 

-1 

■0 

iH A7 

^ ADDRESS 

ADDRESS 
INPUTS 1 

Ai E 


iH Ae 

INPUTS 


A2 H 


in As 



. A3 01 


H A4 j 


(5V) Vcc E 


m Vss (OV) 

Outline 28P3Y - H (400mil TSOP) 




NC: NO CONNECTION 
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M5M417800AJ,TP-6,-7,-68,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


FUNCTION 

The M5M417800AJ, TP provide, in addition to normai read, tunctions, e.g., fast page mode, RAS-oniy refresh, and 

write, and read-modify-write operations, a number of other delayed-write. The input conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Oulput 

R^esh 

Remark 



W 

OE 


Column 

address 

Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 


Write (Eariy write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

Fast page 

Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 

Identical 

Read-modify-write 

ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 


RAS-only refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

DNC 

ACT 

APP 

DNC 

OPN 

VLD 

YES 


Self refresh 

ACT 

ACT 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


OAS before RAS refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Standby 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note : ACT ; active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APO : applied, OPN : open 
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M5M417800AJ,TP-6r7,-6Sr7S 

FAST PAGE MODE 16777216-BIT ( 2097152-WORD BY 8-BIT) DYNAMIC RAM 


Conditions 


With respect to Vss 


ABSOLUTE MAXIMUM RATINGS 


Symbol 


Supply voltage 


Input voltage 


Output voltage 


Output current 


Power dissipation 


Operating temperature 


Storage temperature 


RECOMMENDED OPERATING CONDITIONS (Ta = 0~70'C, unless otherwise noted) (Note 1) 


Limits 


Norn Max 


Symbol 

Parameter 

Vcc 

Supply voltage 

Vss 

Supply voltage 

Vih 

High-level input voltage, all inputs 

ViL 

Low-level input voltage, all inputs 



Note 1 : All voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta = 0~70T:, Vcc = 5V±10%, Vss = OV, unless othenvise noted) (Note2) 


Test conditions 


loH = -5mA 


loL = 4.2mA 


Q floating 0 V;SVout^5.5V 


OVSiViN ^6.5V, Other inputs pins = OV j -10 




High-level output voltage 


Low-level output voltage 


Off-state output current 


Input current 


Average supply current 
lcci (AV) from Vcc operating 


M5M4l7800A-6,-6S | RA§, CAS cycling 
tRC = twc = min. 


Supply current from Vcc, stand-by 


(Note 3,4) I M5M4i7800A-7,-7S output Open 


RAS = CAS =ViH, output open 


RAS = CAS&Vcc-O.S 


Average supply current 
, from Vcc 

Ices (AV) refreshing 


(Notes) M6M417800A-7,-7S 


M5M417800A-6,-6S 


Average supply current 
from Vcc 

lcc4(AV) Fast-Page-Mode I 

(Note 3,4) M5M417800A-7,-7S 


M5M4i78qoA-6,-6S i cycling, CAS = Vih 
' tRC = min. 
output open 


RAS = ViL, CAS cycling 
tpc = min. 
output open 


M5M417800A-6.-6S 


CAS before RaS refresh cycling 
tRC = min. 
output open 


Average supply current 
from Vcc _ 

Ices (AV) (before RAS refresh i 

(Note 3) M5M417800A-7,-7S 


Note 2: Current flowing into an tC is positive, out is negative. 

3; Icct (AV), ICC3 (AV), Icc4 (AV) and Icc6 (av) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: loci (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

CAPACITANCE (Ta = 0~70”’C, Vcc = 5V±10%, Vss = 0V, unless otherwise noted) 


Test conditions 


Vi = Vss 
f=1MHz 
Vi = 25mVrms 



Symbol 

Parameter 

C)(A) 

Input capacitance, address inputs 

Gi(OE) 

Input capacitance, OE input 

Ci(W) 

Input capacitance, write control input 

Cl(R^) 

Input capacitance, RAS input 

Cl(CA§) 

Input capacitance, CAS input 

Ci/o 

Input/Output capacitance, data ports 
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M5M417800AJ,TP-6r7r6S,-7S 

FAST PAGE MODE 16777216-BIT ( 2097152-WORD BY 8-BIT) DYNAMIC RAM 


SWITCHING CHARACTERISTICS (Ta = 0~70'C, Vcc = 5V±10%, Vss = OV, unless otherwise noted, see notes 5,12,13) 





Limits 


Symbol 

Parameter 


M5M417e00A-6,-6S 

M5M417800A-7,-7S 

Unit 









tCAC 

Access time from CAS 

(Note 6,7) 


mm 



ns 

tRAC 

Access time from RAS 

(Note 6,8) 




70 

ns 

tAA 

Columu address access time 

(Note 6,9) 


mm 



ns 

tCPA 

Access time from CAS precharge 

(Note 6,10) 




mm 

ns 

tOEA 

Access time from 5E 

(Note 6) 


mm 



ns 

tCLZ 

Output low impedance time from CaS low 

(Note 6) 

5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 11) 

0 

wm 

0 

mm 

ns 

tOEZ 

Output disable time after OE high 

(Note 11) 

0 

15 

0 

wm 

ns 


Note 5 : An initial pause of 500s is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock such as RAS-Only refresh). 

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 32 ms) 
of RAS inactivity before proper device operation is achieved. 

6; Measured with a load circuit equivalent to 2TTL loads and 10OpF. 

7: Assumes that tRco^tRco (max) and tAsc^tAsc (max). 

8 : Assumes that tRCo^tRco (max) and tRAO^tRAO (max). If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC will 
increase by amount that tRCD exceeds the value shown. 

9: Assumes that tRAO^tRAO (max) and tAsc^tAsc (max). 

10: Assumes that tcp^tcp (max) and tAsc^tAsc (max). 

11 : toFF (max) and toEZ (max) defines the time at which the output achieves the high impedance state (IoutSI± 10 n Al) and is not reference to Voh (min) 
orVoL(max). 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta = 0~70lC, Vcc = 5V±10%, Vss = OV, unless othenwise noted See notes 12,13) 





Limits 


Symbol 

Parameter 


MSM417800A-6,-6S 

M5M417800A-7,-7S 

Unit 









tREF 

Refresh cycle time 




32 

ms 

tRP 

RAS high pulse width 

40 




ns 

tRCD 

Delay time, RAS low to CAS low 

(Note14) 


45 


50 

ns 

tCRP 

Delay time, CAS high to RAS low 

— 


|||||[^| 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(NotelS) 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before flAS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 

(NotelS) 

0 

mm 

0 

10 

ns 

thAH 

Row address hold time after RAS low 

10 


■El 


ns 

tCAH 

Column address hold time after CAS low 

15 


15 


ns 

tDZC 

Delay time, data to CAS low 

(Note17) 

0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note17) 

0 


0 


ns 

tCDD 

Delay time, CAS high to data 

(NotelS) 

tarn 


mm 


ns 

tODD 

Delay time, ^ high to data 

(NotelS) 

mm 


mm 


ns 

tr 

Transition time 

(Notel 9) 




50 

ns 


Note 12; The timing requirements are assumed tr =5ns. 

13 : ViH (min) and Vil (max) are reference levels for measuring timing of input signals. 

14 : tRCD (max) is specified as a reference point only. If tRCo is less than tncD (max), access time Is tRAC. If tRCD is greater than tRCD (max), access time 

is controlled exclusively by tcAc or Iaa. Ircd (min) is specified as tRCD (min) = tRAH (min) + 2tH + tAsc (min). 

15 : tRAD (max) Is specified as a reference point only. If tRAD ^tRAO (max) and tAsc ^tAsc (max), access time is controlled exclusively by tAA. 

16 : tASC (max) Is specified as a reference point only. If tRCD S^tRCD (max) and tAsc^tAsc (max), access time Is controlled exclusively by tCAC. 

17 : Either tozc or tozo must be satisfied. 

18 ; Either tcoo or tooo must be satisfied. 

19 : tr is measured between Vih (min) and Vil (max). 
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M5M417800AJ,TP-6,-7r6Sr7S 

FAST PAGE MODE 16777216>BIT (2097152-WORD BY 8-BIT} DYNAMIC RAM 


Read and Refresh Cycles 


Symbol 

Parameter 

tRC 

Read cycle time 

tRAS 

RAS low pulse width 

tCAS 

CAS low pulse width 

tCSH 

CAS hold time after RAs low 

tRSH 

flAS hold time after CAs low 

tRCS 

Read Setup time after CAS high 

tRCH 

Read hold time after Cas low 

tRRH 

Read hold time after RAs low 

tRAL 

Column address to RAS hold time 

tOCH 

Cas hold time after CE low 

tORH 

RAS hold time after SE low 


Note 20: Either tRCH or tRRH must be satisfied for a read cycle. 



Write Cycle (Early Write and Delayed Write) 
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M5M417800AJ,TP-6,-7,-63,-7S 

FAST PAGE MODE 16777216-BIT ( 2097152-WORD BY 8-BIT ) DYNAMIC RAM 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M417eOOA-6.-6S 

1 

1 

BAUM 


MM 


IRWC 

Read write/read modify write cycle time (Note21) 





rts 

tRAS 

RAS low pulse width 

105 


120 

10000 

ns 

tCAS 

CAS low pulse width 



70 

Kt»I»I»T»1 

ns 

tCSH 

CAS hold time after RAS low 

■Ea 


El 


ns 

tRSH 

RAS hold time after CAS low 

^^1 


mm 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note22) 



45 


ns 

tRWD 

Delay time, RAS low to W low (Note22) 

[1^3 


mm 


ns 

tAWD 

Delay time, address to W low (Note22) 



11131 


ns 

tCWL 

CAS hold time after W low 

15 


20 


hs 

tRWL 

RAS hold time after W low 

mm 




ns 

tWP 

Write pulse width 

mm 


10 


ns 

tos 

Data setup time before W low 

0 


0 


ns 

tOH 

Data hold time after W low 

10 


mm 


ns 

tOEH 

OE hold time after W low 

15 


15 


ns 


Note 21 : tRwc is specified as tpwc (min) = tRAC (max) + toDO (min) + tRwi (min) + Ihp (min) + Str, 

22 : twcs, tcwD, Irwd and Iawd and, Icpwd are specified as reference points only. If twcsStwcs (min) the cycie is an eariy write cycle and the 

DQ pins wili remain high impedance throughout the entire cycie. If tcwDitcwcKmin). tRwo^tRwo (min), tAwoStAwo (min) and tcpwo^tcpwo (min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the selected address. 

If neither of the atwve condition (delayed write) of the DQ (at access time and until CAS or OE goes back to Vih) is indeterminate. 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 





Limits 


Symbol 

Parameter 


M5M417800A-6,-6S 

I 

8 

> 

Unit 







30^31 


tPC 

Fast page mode read/write cycle time 

40 


mm 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

mm 


mmm 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note24) 

100 

125000 

HQI 


ns 

top 

CAS high pulse width 

(Note25) 

10 

mm 

10 

mm 

ns 

toPRH 

RAS hold time after CAS precharge 



mm 


ns 

toPWD 

Delay time, CAS precharge to W low 

(Note22) 

60 


mm 


ns 


Note 23; All previously specified timing require ments and switching characteristics are applicable to their respective fast page mode cycie. 

24 ; tRAS (min) is specified as two cycles of CAS input are penormed. 

25 ; tcp (max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 26) 


Symbol 

Parameter 

Limits 

Unit 

M5M417800A-6,-6S 

M5M417800A-7,-7S 

32QII 


129 


tCSR 

CAS setup time before RAS low 

10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 


15 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


ns 

tRHR 

Read hold time after HAS low 

■El 


■3 


ns 


Note 26 : Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 
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Timing Diagrams (Note 27) 
Read Cycle 


pj 

to 




^ tCAH ^ 

; ROW ' 
ADDRESS 
[ Ao~iAl 1 1 

1^8888^ 



COLUMN ’ 
ADDRESS 
A0~A9 ] 


tRPC tCHP 


ROW 

ADDRESS 



DQl~DQ4 

(INPUTS) 


DQi~DQ4 
(OUTPUTS) ■ 





tCAC 

4 —:- 1 

tAA 


Hi-Z 


tCLZ . 

_ 



\2y 

tRAC 



tozo 

r ic-; 



DATA VALID 
I tOEZ 


^ Indicates the don't care input. 

ViH{min)^ViNSViH(max) or ViL(min)^ViN^ViL(max) 

^ Indicates the invalid output. 
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Write Cycle (Delayed write) 







ADDRESS 
A0~A11 





ADDRESS 

Ao~A9 




DQi~DQ4 “ 

(INPUTS) viL - 


DQi~DQ4 

(OUTPUTS) v/n, _ 






IS 

■[V 

B IiH 

m 

I 

imH: 

mssm 

m 

I 

■ 
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RAS-only Refresh Cycle 
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Hidden Refresh Cycle (Read) (Note 28 ) 




Note 28: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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TEST Mode SET Cycle 


Symbol 

Parameter 

1 Limits 1 

Unit 

|M5M417eOOA-6,-6S 

|m5M417800A-7,-7S 


1231 

My 

112191 

tWSR 

W setup time before RAS low 

10 


mm 


ns 

tWHR 

W hold time after RAS low 

10 


mm 


ns 


Note 29: The test mode function is initiated by aiVl and C AS te fore cy cle (WCBR cycie) as specified in timin g diag ram. 

The test mode function is terminated by either a CAS before RAS refresh cycie (CBR refresh cycie) or a RAS oniy refresh cycie. 
During the test mode, the device is internaiiy organized as 16 bits wide (1M bytes depth). No addressing of CAO, CA1 is required. 
During a write cycle, data must be appiied to ail DQ Onput) pins. The data can be different between DQ pine. The data on each DQ 
pin is written into 2 bits memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 2 bits, 
respectively. High state indicates that they are same. Low state indicates that they are not same. 

During the test mode operation, WCBR cycle can be used to perform refresh. 


DQi 

DQz 

DQa 

DQ4 

DQs 

DQs 

DQ7 

DQs 




» i~irr 

■HZHZ 

■ X #3 
■> i #4 

X #5 

X #7 

•> i #8 

X I #'9 

x i #10 

x j #11 

X #12 
x l~ #13 
X i #14 
X #15 
X #16 


]—( JUDGE y 

-X-O DQi 

JUDGE y 

-X-O DQa 

]—{ JUDGE y 

—-X-O DQs 

]—( JUDGE y 

-XO DQ4 

]—( JUDGE y 

-X-O DQs 

}—( JUDGE y 

—X—O DQs 

]—( JUDGE y 

-X-O DQ7 

}-( JUDGE y 

-X-O DQs 
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TEST Mode SET Cycle 


DQi~DQ4 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 
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SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -6S / -7S. The other characteristics and requirements than the 
below are same as normal devices. 


electrical CHARACTERISTICS (Ta = 0~70X:, Vcc = 5V±10%, Vss = OV, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

I Min 

I I 


|CC9 (AV) 

Average supply current 
from Vcc 

Self-Refresh cycle 

M5M417800A (S) 

RAS = ^ 0.2V 

■ 

■ 

400 

>iA 


TIMING REQUIREMENTS (Ta = 0~70X:. Vcc = 5V±10%, Vss = OV, unless otherwise noted See notes 12,13) 


Symbol 

Parameter 

I Limits I 

Unit 

|M5M417800A-6S { 

M5M417800A-7S 

1 Min 1 


Min 

Max 

tRASS 

Self Refresh RAS low pulse width 



100 



tRPS 

Self Refresh RAS high precharge time 

110 


130 


2^11 

tCHS 

Self Refresh RAS hold time 

-50 


-50 



tRSR 

Read setup time before RAS low 

10 


10 


■a 

tRHR 

Read hold time after RAS low 

10 


15 

_1 

— i 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) in case of distributed refresh 

The last / first full refresh cycles (2K) must be made within tNs / tsN before / after self refresh, 
on the condition of tNs ^ 32 ms and tsN ^ 32 ms. 



DISTRIBUTED REFRESH DISTRIBUTED REFRESH 

< 2K / 32 ms > < 2K / 32 ms > 


(2) in case Of burst refresh 

The last / first full refresh cycles (2K) must be made within tNs / tsN before / after self refresh, 
on the condition of tNs + tsN ^ 32 ms. 




1 



BURST REFRESH 
<2K/32m8> 


BURST REFRESH 
< 2K / 32 ms > 
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DESCRIPTION 

This is a famiiy of 2097152-word by 8-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer metal process combined with twin-vyell 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 


FEATURES 


Type name 

RAS 
access 
time 
(max. ns) 

CAS 
access 
time 
(max. ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycie 

time 

(min.ns) 

H 

M5M417800CXX-5,-5S 

111^9 

mm 

25 

mm 



M5M417800CXX-6,-6S 


mm 

WcM 

mm 

BEI 

9!!il 

M5M417800CXX-7,-7S 

mm 

mm 


msam 




XX=J,TP 


•Standard 28pin SOJ, 28pin TSOP 

• Single 5 V± 10% supply 

• Low stand-by power dissipation 

5.5mW (Max)--CMOS Input level 

2.2mW (Max) *-"...CMOS Input level 

•Low operating power dissipation 

M5M417800Cxx-5,-5S ....—-800.0mW (Max) 

M5M417800Cxx-6,-6S -660.0mW (Max) 

M5M417800Cxx-7,-7S - 580.0mW (Max) 

•Self refresh capability * 

Self refresh current. . .- -200.0 AA(Max) 

• Fast -page mode, Read-modify-write, RAS-only refresh 
•CAS before RAS refresh. Hidden refresh capabilities 
Early-write mode and OE to control output buffer impedance 
•All inputs, output TTL compatible and low capacitance 
•2048 refresh cycles every 32ms (Ao~Aio) 

♦ Applicable to self refresh version (M5M417800CJ,TP-5S,-6S,-7S 
.•option) only 

APPLICATION 

Main memory unit for computers. Microcomputer memory. Refresh 
memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

Ao~Aio 

Address inputs 

DQi-DQb 

Data inputs/outputs 


Row address strobe input 

CA§ 

Column address strobe input 

W 

Write control input 

m 

Output enable input 

Vcc 

Power supply (+5V) 

Vss 

Ground (OV) 


PIN CONFIGURATION (TOP VIEW) 


vcc|T 


H vss 

DQl|T 


23 DOS 

DQ2[3 


H DQ7 

DQsS 


H dq6 

DQ4[1 

3 

M DOS 

■w[l 

cn 

s 

H CAS 

RAS [7 


H OE 

NC [W 

00 

0 

0 

U A9 

AlO [£ 

0 

2^ As 

AQljo 


19] A7 

At []3 


il As 

A2 


ill As 

A3 01 


H A4 

VCC 01 


is] vss 

Outline 28P0N-A (400mil SOJ) 

vccQ 


m vss 

DQl[2 


13 DOS 

DQ2[3 


M dq7 

DQ3[4 


Ig DOS 

DQ4C5; 

cn 

ID DOS 

w [1 

s 

M CAS 

MsE 


M OE 

ncE 

0 

0 

0 

III A9 

AlO [9] 

-1 

■D 

20] AS 

AO Oo 


in a7 

A1 E 


iH AS 

A2O2 


ill AS 

A3 01 


ill A4 

vccE 


H vss 

Outline 28P3N-C (400mil TSOP) 

NC:NO CONNECTION 
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FUNCTION 

The M5M417800CJ, TP provide, in addition to normai read, write,. e.g., fast page mode, RAS-oniy refresh, and deiayed-write. The 

and read-modify-write operations, a number of other functions, input conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

HHIlillllSSIillOH 

Refresh 

Remark 

RTS® 



OE 



Input 


Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Fast 

page 

mode 

identical 

Write (Early write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 


ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

RAS-onlv refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

NAC 

ACT 

APD 

DNC 

OPN 

VLD 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 



ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


1 Stand-bv_ 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note: ACT: active, NAC; nonactive, DNC : don't care, VLD : valid, iVD : invalid, APD: applied, OPN : open 
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ABSOLUTE MAXIMUM RATINGS 


1 Symbol 

Parameter 

Conditions 

Ratings 

Unit 


Supply voltage 

With respect to Vss 

-1 ~7 

V 

Vi 

Input voltage 

-1~7 

V 

Vo 

Output voltage 

-1~7 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25*C 

1000 

mW 

Topr 

Operating temperature 


0~70 

°C 


Storage temperature 


-65-150 







, a tina( 5*’“';"’;;',' to chanse 
s 'ao' « j,ra 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C, unless otherwise noted) (Note i) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Norn 

Max 

Vcc 

Supply voltage 

■9 

5 

5.5 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

VIH 

High-level input voltage, all inputs 

mam 


5.5 

V 

ViL 

Low-level input voltage, all inputs 



0.8 

V 


Note 1 : All voltage values are with respect to Vss. 

**: VlL(min.) is -2.0V when undershoot width is less than 25ns. (Undershoot width is with respect to VSS.) 


ELECTRICAL CHARACTERISTICS (Ta=0~70'’C. Vcc=5V±10%, Vss=0V, unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

Min 1 

■i9 

Max 

VOH 

High-level output voltage 

IOH=-5mA 

mm 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=4.2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating 0 V^Vout^5.5V 

-10 


10 

aa 

h 

Input current 

OV^ViN ^ 5.5V, Other inputs pins=0V 

-10 


10 

aA 

I'CCI (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4) 

M5M417800C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



145 

mA 

M5M417800C-6,-6S 



120 

M5M417800C-7,-7S 



105 

|CC2 

Supply current from Vcc, stand-by (Note 5) 

RAS= CAS =ViH, output open 



2 

mA 

RAS=a^^ Vcc-0.2V 



0.5 

ICC3 (AV) 

Average supply current 
from Vcc, refreshing 

(Note 3) 

M5M417800C-5,-5S 

RAS cycling, CAS= Vm 

tRC=min. 

output open 



145 

mA 

M5M417800C-6,-6S 



120 

M5M417800C-7,-7S 



105 

|CC4(AV) 

Average supply current 
from Vcc, Fast-Page- 
Mode (Note 3,4) 

M5M417800C-5,-5S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



80 

mA 

M5M417800C-6,-6S 



70 

M5M417800C-7,-7S 



60 

ICC6(AV) 

Average supply current 
from Vcc, CAS before RAS 
refresh mode 

M5M417800C-5,-SS 

CAS before RAS refresh cycling 

tRC=min. 

output open 



145 

mA 

M5M417800C-8,-6S 



120 

M5M417800C-7,-7S 



105 


Note 2: Current flowing Into an 1C is positive, out Is negative. 

3: loci (AV), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICC1 (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 


CAPACITANCE (Ta=0~70'C, Vcc=5V±IO%, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

B9 

Max 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

f=1MHz 

Vi=25mVrms 



5 

pF 


Input capacitance, OE input 



7 

PF 


Input capacitance, write control input 



7 

pF 

Cl(R^) 

Input capacitance, RAS input 



7 

pF 

Ci(^) 

Input capacitance, CAS input 



7 

pF 

Ci/o 

Input/output capacitance, data ports 



8 

pF 
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SWITCHING CHARACTERISTICS (Ta=0~70‘’C. Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 5,12,13) 





Limits 


Symbol 

Parameter 


M5M417800C-5,-5S 

M5M417800C-6,-6S 

M5M417800C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tCAC 

Access time from CAS 

(Note 6,7) 


13 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note 6,8) 


50 


60 


70 

ns 

tAA 

Column address access time 

(Note 6,9) 


25 


30 


35 

ns 

tCPA 

Access time from CAS orecharae 

(Note 6,10) 


30 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 6) 


13 


15 


20 

ns 

tCLZ 

Output low impedance time from CAS low 

(Note 6) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 11) 

0 

13 

0 

15 

0 

15 

ns 

tOEZ 

Output disable time after OE high 

(Note 11) 

0 

13 

HEU 

15 

0 

15 

ns 


Note 5:An initial pause of 500// s is required after power-up followed by a minimum of eight initialization RAS cycles. The initialization cycles should be done 
either by RAS -only refresh cycles or by CAS before RAS refresh cycles only._ 

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 32ms) of 
RAS inactivity before proper devic e operation is achieved. 

After the initialization cycles, RAS should be kept either higher than VlH(tnin) or lower than VlL(max) except RaS transition time. 

6:Measured with a load circuit equivalent to 2TTL loads and tOOpF. 

7:Assumesthat tRCD^tRCD(max)and tASCStASC(max). 

8:AssumeS that tRCD £tRCD(max) and tRAD^tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC will 
increase by amount that tRCD exceeds the value shown. 

9:Assumes that tRAD &tRAD(max) and tASC^tASC(max). 

10:Assumes that tCP^tCP(max) and tASC^ tASC(max). 

11 :tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (lOUT A 1) and is not reference to VOH(min) 

or VOL(max). 



TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta=0~70°C, Vcc=5V±10%, Vss=0V, unless otherwise noted, see notes 12,13) 





Limits 


Symbol 

Parameter 


M5M417800C-5,-5S 

M5M417800C-6,-6S 

M5M417800C-7,-7S 

Unit 




Min 


Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


32 


32 


32 

ms 

tRP 

RAS high pulse width 

30 


40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 14) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


10 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


0 


ns 

tCPN 

CAS high puise width 

10 


10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 15) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 16) 

0 

10 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


mm 


ns 

tCAH 

Column address hold time after CAS iow 

13 


15 


15 


ns 

tDZC 

Delay time, data to CAS low 

(Note 17) 

0 


0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 17) 

0 


0 


0 


ns 

tfcDD 

Delay time, CAS high to data 

(Note 18) 

13 


15 


15 


ns 

tODD 

Delay time, OE high to data 

(Note 18) 

13 


15 


15 


ns 

tT 

Transition time 

(Note 19) 

1 

50 

1 

50 

1 

50 

ns 


Note 12:The timing requirements are assumed tT=5ns. 

13:VlH(min) and VlL(max) are reference levels for measuring timing of input signals. 

14;tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 


controlled exclusively by tCAC or tAA. tRCD(min) is specified as tRCD(min) 4RAH(min) +2tH+tASC(min). 

15:tRAD(max) is specified as a reference point only. If tRAD ^tRAD(max) and tASC ^ tASC(max), access time is controlled exclusively by tAA. 
16:tASC(max) is specified as a reference point only. If tRCD ^tRCD(max) and tASC ^ tASC(max), access time is controlled exclusively by tCAC 
17:Either tDZC or tDZO must be satisfied. 

18: Either tCDD or tODD must be satisfied. 

19;tT is measured between VlH(min) and VlL(max). 
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MITSUBISHI LSIs 

M5M417800CJ,TP-5,-6,-7,-5Sr6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


Read and Refresh Cycles 




Limits 


M5M417800C-5,-5S M5M41780006,-6S M5M41780007,-78 


Read cycle time 


RAS low pulse width 


CAS low pulse width 


CAS hold time after RAS low 




Read hold time after CAS low 


Read hold time after RAS low 


Column address to RAS hold time 


CAS hold time after OE low 




Note 20: Either IRCH or IRRH must be satisfied for a read cycie. 



Write Cycle (Early Write and Deiayed Write) 
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M5M417800CJ,TP-5r6r7r5Sr6Sr7S 

PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M417800C-5,-5S 

M5M417800C-6,-6S 

M5M417800C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRWC 

Read write/read modify write cycle time (Note 21) 

■HU 


155 


■nsi 


ns 

tRAS 

RAS low pulse width 

91 


105 

BBI 

120 


ns 

tCAS 

CAS low pulse width 

54 


60 

BiWiM 

70 


ns 

tCSH 

CAS hold time after RA$ low 

91 


105 


120 


ns 

tRSH 

RAS hold time after CAS low 

54 


60 


70 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS iow to W low (Note 22) 

36 


40 


45 


ns 

tRWD 

Delay time, RAS low to W low (Note 22) 

73 


85 


95 


ns 

tAWD 

Delay time, address to W low (Note 22) 

48 


55 


60 


ns 

tCWL 

CAS hold time after W low 

13 


15 


20 


ns 

tRWL 

RaS hold time after W low 

13 


15 


20 


ns 

tWP 

Write pulse width 

8 


^IQIIII 




ns 

tDS 

Data setup time before W iow 

0 


0 


0 


ns 

tDH 


8 


10 


15 


ns 

tOEH 

OE hold time after W low 

mm 


15 


15 


ns 


Note 21 ;tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+5tT. 

22:twcs, tcWD, tRWD and tAWD and, tCPWD are specified as reference points only. If twcsitwcs(min) the cycle is an early write cycle and the DQ pins will 
remain high impedance throughout the entire cycle, if tCWDatCWDfmin), tRWD^tRWD (min), tAWD^tAWD(min) and tCPWD&tCPWD(min) 

(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will co ntain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) Is indeterminate.. 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23 ) 





Limits 


Symbol 

Parameter 


M5M417800C-5,-5S 

M5M417800O6,-6S 

M5M417800C-7,-7S 

Unit 




Min 

Max 

Min 


Min 

Max 


tPC 

Fast page mode read/write cycle time 

35 


40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

76 


85 


95 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note 24) 

85 

EBSl 

100 


115 


ns 

tCP 

CAS high pulse width 

(Note 25) 

8 

12 

10 

15 

10 

15 

ns 

tCPRH 

RAS hoid time after CAS precharge 

30 


35 


40 


ns 

tCPWD 

Delay time, CAS precharge to W low 




«TiM 




ns 


Note 23: All previously specified timing require ments artd switching characteristics are applicable to their respective fast page mode cycle. 
24: tRAS(min) is specified as two cycles of CAS input are performed. 

25: tCP(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 26 ) 


Symbol 

Parameter 

Limits 

Unit 

M5M417800C-5,-5S 

M5M417800C,«,-6S 

M5M417800C-7,-7S 

Min 

Max 

Min 


Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


10 


ns 

tCHR 

if«! P« 111 11 rtv: 11 rt) 

10 


10 


15 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 


10 


10 


15 


ns 


Note 26: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary tor proper operation of CAS before RAS refresh mode. 
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MITSUBISHI LSIs 

M5M417800CJ,TP-5r6,-7,-5Sr6S,-7S 




FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S“ after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vcc=5V±10%, Vss=0V, unless othenwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

ESS 

Max 

|CC8 (AV) 

Average supply current 
from vcc 

Slow-Refresh cycle 

(Note 5) 

M5M417800C (S) 

CAS before RAS refresh cycling 
or cycling & CAS ^0.2V 

^ & WE^ 0.2V 
orOE&WE^Vcc-0.2V 

Ao~Aii^0.2V 
or Ao ~ Ai 1 ^Vcc-0.2V 
tREF=128ms (2048cycles) 
output = OPEN 
tRAS=tRAsmin. ~1 /r s 



500 

aA 

|CC9 (AV)* 

Average supply current 
from Vcc 

Self-Refresh cycle 

(Note 5) 

M5M417800C (S) 

R^ = CAS ^ 0.2V 
output = OPEN 

■ 

■ 

200 

aA 


TIMING REQUIREMENTS (Ta=0-70”C, Vcc=5V±10%, Vss=0V, unless otherwise noted, see notes 12,13) 


Symbol 

Parameter 

Limits 

Unit 

M5M417800C-5S 

M5M417800C-6S 

M5M417800C-78 

Min 

Max 

Min 

Max 

Min 

Max 

tRASS 

Self Refresh RAS low pulse width 

— 


100 


100 


AS 

tRPS 

Self Refresh RAS high precharge time 

90 


■031 


130 


ns 

tCHS 

Self Refresh RAS hold time 

-50 


-50 


-.50 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 

Read hold time after RAS low 

HRI 


10 


15 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, on the condition of tNS^32ms and 
tSN^32ms. 

h ——H 

. I I j I - 1 1 I I _ Self refresh period _|| ||.| | 11. 

DISTRIBUTED REFRESH DISTRIBUTED REFRESH 

<2K/32ms> <2K/32ms> 


(2) In case of burst refresh 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, on the condition of tNs+tSN^32ms. 



-H 

~| Self refresh period 


BURST REFRESH 
< 2K / 32 ms > 


I 



BURST REFRESH 
< 2K / 32 ms > 
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MITSUBISHI LSIs 

M5M417800CJ,TP-5r6,-7,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 



TEST Mode SET Cycle 



Note 27:The test mode function is initiated by a W and C AS b efore R as cy cie (WCBR cycie) as specified in timi ng dia gram. 

The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 

During the test mode, the device is internaliy organized as 16-bits wide (1M bytes depth). No addressing of CAO is required. 

During a write cycle, data must be applied to aii DQ (input) pins. The data can be different between DQ pins. The data on each DQ pin is written into 
2-bits memory celis, respectively. During a read cycie, each DQ (output) pin shows the test result of the 2-blts, respectively. High state indicates 
that they are same. Low state indicates that they are not same. 

During the test mode operation, oniy WCBR cycle can be used to perform refresh. 
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FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 
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FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 
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M5M417800CJ,TP-5,-6,-7,-58,-68,-78 


FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 
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M5M417800CJ,TP-5,-6,-7,-58,-68,-78 


FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 
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M5M417800CJ,TP-5,-6r7r5S,-6S,-7S 
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FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 
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M5M417800CJ,TP-5r6,-7,-58,-6Sr7S 


* -This is not a 


FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle, Slow Refresh Cycle 





Ao~Aio 

VIL 

W 

VIH 


ViL 

DQi~DQ8 

ViH 

(INPUTS) 

ViL 

DQi~DQ8 

VOH 

(OUTPUTS) 

VOL 
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M5M417800CJ,TP-5,-6,-7,-58,-6S,-7S 




5ome 
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FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 29) 




Note 29: Early write, delayed write, read write or read modify write cycle Is applicable instead of read cycie. 
Timing requirements and output state are the same as that of each cycie shown above. 

And in any cycie, tRSR&tRHR shouid be satisfied not to enter TEST MODE. 
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M5M417800CJ,TP-5r6,-7r5S,-6S,-7S 

PAGE MODE 16777216-BIT (2097152-WORP BY 8-BIT) DYNAMIC RAM 
Fast Page Mode Write Cycle (Early Write) 


preliminary 


RAS 


CAS 


Ao~Aio 


W 


DQi~DQ8 

(INPUTS) 


DQi~DQ 8 Hi-Z 
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FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 
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M5M417800C J,TP-5,-6,-7,-58,-68,-78 


" FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


Fast Page Mode Read-Wnte, Read-Modify-Write Cycle 




Ao~Aio 

ViL 

W 

VIH 


ViL 

DQi~DQ8 

ViH 

(INPUTS) 

ViL 

DQi~DQ8 

VOH 

(OUTPUTS) 

VOL 




■ ^i|A|ft|i^|^llft|W 







BB 
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Self Refresh Cycle 


FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


tRPC . tCSR 



tens tcRp 


ROW 

ADDRESS 


tRCH , tRSR^ I tRHR 


DQi~DQ8 Vih- 
(INPUTS) 



DQi~DQ 8 
(OUTPUTS) voL- 
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DQi~DQ3 
(INPUTS) viL- 


.tBPC^ M LJCHL 


tRCH I tWHR 



DQi~DQ 8 
(OUTPUTS) voL-. 


Note 30: This cycle can be used for Initialized cycle after power-up, however entrled Into Test Mode. 
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ARV M5M417805CJ,TP-5,-6,-7, 

SS-- -5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


BAS 

SAS 

Address 

CE 

aooess 

access 

access 

access 

time 

(max.ns) 

time 

(max.ns) 

time 

(max.ns) 

time 

(max.ns) 


mm 

li^ 

mm 

mm 

mm 


mm 

MSM 


KSI 

mm 



DESCRIPTION 

This is a family of 2097152-word by 8-bit dynamic RAMs with 
Hyper page mode fuction, fabricated with the high performance 
CMOS process, and is ideal for large-capacity memory systems 
where high speed, low power dissipation, and low costs are 
essential. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self refresh current is low enough for 
battery back-up application. 

FEATURES 


Type name 


M5M417805CXX-S,-SS 


MSM41780SCXX-6,-6S 


M5M417805CXX-7,-7S 


XX=J,TP 

•Standard 28 pin SOJ,28 pin TSOP 
•Single 5V±10% supply 
•Low stand-by power dissipation 

5.5mW (Max) ..CMOS Input level 

1.1 mW (Max)*.CMOS Input level 

•Operating power dissipation 

M5M417805CXX-5,-5S. 800mW(Max) 

M5M417805CXX-6,-6S. 660mW(Max) 

M5M417805CXX-7,-7S. 580mW(Max) 

•Self refresh capability* 

Self refresh current . 200^A(Max) 

•Hyper page mode (1024-column random access), Read-modify- 
write, R?^-only refresh, CAS before T5A5 refresh. Hidden refresh 
capabilities. 

Early-write mode, ^ and W to control output buffer impedance 
•All inputs, outputs TTL compatible and low capacitance 
•2048 refresh cycles every 32ms (Ao~Aio) 
t: Applicable to self refresh version (M5M417805CJ,TP-5S,-6S, 
-7S loption) only 

APPLICATION 

Main memory unit for computers. Microcomputer memory. Refresh 
memory for CRT 


PIN CONFIGURATION (TOP VIEW) 


Vcc d 
DQi d 
DQa [I 
DQs E 
DQ 4 E 
W d 
TO5 d 
NC E 
Aio E 
Ao fio 


As Bl 
Vcc p 


^ Vss 
IZl DQa 
H DQ 7 
^ DQs 
^ DQs 
1^ 
Hot 

13 Aa 
»] Aa 
la] A 7 
]|] As 
it] As 
is] A 4 
IE Vss 


Outline 28P0N-A (400mil SOJ) 


Vcc E ^ Vss 

DQi d ^ DQs 

DQa d M DQ 7 

DQs E H DQs 

DQ4 E Z ^ DQs 

W d f 

RA5 d 3 iH 

NC E S lijAa 

Aio E ^ ^ As 

Ao Oo laj A7 

Ai 03 ii] As 

Aa m H As 

Aa Bl IE A 4 

Vcc Bi_IE Vss 

Outline 28P3N-C (400mil TSOP) 

NC: NO CONNECTION 


PIN DESCRIPTION 
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M5M417805CJ,TP-5,-6,-7,-5S,-6S,-7S 






HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


FUNCTION 

In addition to Hyper Page Mode, normal read, write and read- 
modify-write operations the M5M417805CJ, TP provides a number 


of other functions,e.g., RS5-only refresh,and delayed-write. The 
input conditions for each are shown in Tabie 1. 


Table 1 Input conditions for each mode 


Operatbn 

Inputs 


Refresh 

Remark 


^7(5 

W 


Row 

address 

Column 

address 

Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Hyper 

page 

mode 

identical 


ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 

Read-modify-write 

ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

T?A5-onlv refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

NAC 

ACT 

APD 

DNC 

OPN 

VLD 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 



"UflS before 117^ refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note: ACT: active, NAC: nonactive, DNC; don't care, VLD: valid, IVD : Invalid, APD : applied, OPN : open 


BLOCK DIAGRAM 
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M5M417805CJ,TP-5,-6r7r5S,-6Sr7S 


HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 



Parameter 

Conditions 

Ratings 

Unit 



-1~7 

V 

Input voltage 

With respect to Vss 

-1~7 

V 

Output voltage 


-1~7 

V 


Output current 
Power dissipation 
Operating temperature 


Ta=25*C 


50 

1000 

0~70 


mA 

mW 

•c 


Storage temperature 


-65~150 


•c 


RECOMMENDED OPERATING CONDITIONS (Ta°0'''70'C, unless otherwise noted) (Notel) 


Symbol 

Parameter 

Min 1 

Vcc 

Supply voltage 

■Si 

Vss 

Supply voltage 

1 0 { 

ViH 

High-level input voltage, all inputs 

mam 

ViL 

Low-level input voltage, all inputs 

1 


Limits 


mSuHSISB 





Note 1 : All voltage values are with respect to Vss. 

** : ViL(min) is —2.0V when undershoot width Is less than 25ns.( Undershoot width is with respect to Vss.) 


ELECTRICAL CHARACTERISTICS {Ta=0~70'C, Vcc-5V±10%, Vss-OV, unless otherwise noted) (Note2) 


Symbol 

Parameter 

Test conditions 

Limits I 

Unit 

Min I 

Typ 

Ii2^l 

VOH 

High-level output voltage 

lOH = -5mA 

WBM 


Vcc 

V 

VOL 

Low-level output voltage 

lOL = 4.2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floafing, 0 V^Vout^5.5V 

-10 


10 

ma. 

h 

Input current 

OV ^ ViN S 4-6.5V, Other Inputs pinssOV 

-10 


10 

fiA 

Icci (AV) 

Average supply current 
from Vcc 

operating (Note 3,4,5) 

M5M417805C-5,-5S 

cycling 
tRc=twc-min. 
output open 



145 

mA 

M5M417805C-6,-6S 



120 

M5M417805C-7,-7S 



105 

|CC2 

Supply current from Vcc , stand-by (Note 6) 

T5A5= CAg =ViH. output open 



2 

mA 

l?Ag=i5Ag^Vcc-0.2V, output open 




|CC3 (AV) 

Average supply current 
from Vcc,Ras only 
refresh mode (Note 3,5) 

M5M417805C-5,-5S 

T?AS cycling, gAg= Vih 

tRC=min. 

output open 



145 

mA 

M5M41780SC-6,-6S 



120 

M5M417805C-7,-7S 



105 

ICC4(AV) 

Average supply current 
from Vcc Hyper Page 

Mode (Note 3,4,5) 

M5M417805C-5,-5S 

RAS=ViL,gAS cycling 

tHPC-min. 

output open 



140 

mA 

M5M417805C-6,-6S 



115 

M5M417805C-7.-7S 



90 

|CC6(AV) 

Average supply current 

from Vcc 

iCiSS before HAS refresh 
mode (Note 3,5) 

M5M417805C-S,-5S 

CAg before RAg refresh cycling 

tRc-min. 

output open 



145 

mA 

M5M41780SC-6,-6S 



120 

M5M417805C-7,-7S 





Note 2: Current flowing into an 1C is positive, out is negative. 

3; Icci (AV), Icc3 (AV) ,ICC4 (AV) , and Ices (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: loci (AV) and Icc4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

5: Under condition of column address being changed once or less while RAS=VlL and CA§«VlH. 


CAPACITANCE (Ta=0 ~70*C , Vcc = 5V±10%, Vss=0V, unless ottterwise noted) 
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M5M417805CJ,TP-5r6,-7r5S,-6Sr7S 


Hotice^ iiwHs a'8 

' HYPER PAGE MODE 16777216-BIT ( 2097152-WORD BY 8-BIT) DYNAMIC RAM 


SWITCHING CHARACTERISTICS (Ta=0~70*C , Vcc-5V± 10%, Vss-OV,unless otherwise noted,see notes6,14,15) 




Access time from _ 


Access time from 


Column address access time 


Access time from precharge 


Access time from ^ 


K»jii " I iW M 1 11 irTiTTiiM^I'JRl iTf« 


Output hold time from high 


ance time from low 


Output disable time after ^ high 


Output disable time after WE high 


Output disable time after high 


Output disable time after EAE high 


Output hold time from T5KS low 


(Note 7,8) 


(Note 7,9) 


(Note 7,10) 


(Note 7,11 


(Note 7) 


(Note 13) 


(Note 7) 


(Note 12) 


(Note 12) 


(Note 12,13) 


(Note 12,13) 



Note 6 An Initial pause of 500 /i s is required after power-up followed by a minimum of eight initialization's cycles. The initialization cycles should be done 
either by AAS-only refresh cycles or by SAS before HAS refresh cycles only. 

Note the SAS may be cycled during the initial pause . And any 8 HAS or flAS/CAS cycles are required after prolonged periods(greater than 32 ms) of 
HAS inactivity before proper device operation is achieved. 

After the initialization cycles, AAS should be kept either higher than VtH (min) or lower than ViL (max) except transition time. 

7;Measured with a load circuit equivalent to lOOpF. 

The reference levels for measuring of output signals are 2.0V(VOH) and 0.8V(VOL). 

8:As8umes that tRCD ^tRCD(max) and tASC 2:tASC(max) and tcp^ tcp(max). 

9;Assumas that tRCD^tRCD(max) and tRAD^tRAD(max). If tRCD or tRAO is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10:Assumes that tRADsS tRAD(max) and tASC;StASC(max). 

11;Assumes that tcp ^tcp(max) and tASC^tASC(max). 

12:tOEZ (max) ,tWEZ(max) ,tOFF(max) and tREZ(max)defines the time at which the output achieves the high impedance state (I OUT iSi | ±10)uA | )andis 
not reference to VOH(min) or VoL(max). 

13:Output is disabled after both AAS and ^AE go to high. 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta-0~70lC, Vcc - 5V ±10%, Vss=0V, unless otherwise noted. See notes 14,15) 




Refresh cycle time 


T^AS~high oulse width 


Delay time, EAE low to (SAE tow 


Delay time. ^AS high to iow 


Deiay time, high to ^AS low 


'SAS high pulse width 


Column address delay time from low 


Row address setup time before EA9 iow 


Column address setup time before low 


Row address hold time after EAS low 


Column address hold time after ^AS low 


Delay time, data to low 


Delay time, data to ZSE iow 


Delay time, high to data 


Delay time, ?AE high to data 


Deiay time, CE high to data _ 


Transition time 


(Note16) 


(Note17) 


(Note18) 


(Note19) 


(Note19) 


(Note20) 


(Note20) 


(Note20) 


(Note21) 



Note 14:The timing requirements are assumed tr E2ns. 

1 5 :ViH(min) and ViL(max) are reference levels for measuring timing of input signals. 

16:tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time 
is controlled exclusively by tCAC or tAA. 

17:tRAD(max) is specified as a reference point oniy. If tRAD ^ tRAD(max) and tASC S tASC(max), access time is controlied exciusiveiy by tAA. 
18:tASC(max) is specified as a reference point only. If tRCD ^ tRCD(max) and tASC ^ tASC(max), access time is controlied exclusively by tCAC. 
19:Either tDZC or tDZO must be satisfied. 

20:Either tRDD or tCDD or tODD must be satisfied. 

21 :tT is measured between ViH(min) and ViL(max). 
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Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

! M5M417805C-5.-5S | 

M5M417B05C-6,-6S | 

M5M417805C-7,-7S | 

Min 

Max 

Min 

Max 

Min 


tRC 

Read cycle time 

90 


110 


130 


ns 

tRAS 

low Dulse width 

50 


60 


70 

Br»Ti!»T»l 

ns 

tCAS 

low Dulse width 

a 


10 


13 


ns 

tCSH 

hold time after low 

mm 


48 


55 

■IIIIIIH 

ns 

tRSH 

hold time after low 

mm 


15 


20 


ns 

tRCS 

Read SetuD time before CAS low 

0 


0 


0 


ns 

tRCH 

Read hold time after high (Note 22) 

0 


0 


0 


ns 

tRRH 

Read hold time after high (Note 22) 

0 


0 


0 


ns 

tRAL 

Ck>lumn address to hold time 

25 


30 


35 


ns 

tCAL 

Column address to ZXS hold time 

13 


18 


23 


ns 

tORH 

hold time after ^ low 

13 


15 


20 


ns 

tOCH 

hold time after ^ low 

13 


15 


20 


ns 


Note 22: Either tRCH or tRRH must be satisfied for a read cycie. 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 1 

Unit 

M5M417e05C'5,-5S 

MSM41780SC-6.-6S { 

M5M417805C-7.-7S | 

Min 

Max 

Min 

Max 

Min 

Max 

twc 

Write cycle time 

90 


110 


130 


ns 

tRAS 

?(A§ iow pulse width 

50 


60 


70 


ns 

tCAS 

?A? iow pulse width 

8 


10 


13 


ns 

tCSH 

?5A5 hold time after RA5 low 

40 


48 


55 


ns 

tRSH 

BAS’ hold time after low 

13 


15 


20 


ns 

twcs 

Write setup time before (?AS low (Note 24) 

0 


0 


0 


ns 

tWCH 

Write hold time after ^AS low 

8 


10 


13 


ns 

tCWL 

?^AS hold time after W low 

8 


10 


13 


ns 

tRWL 

1=!A? hold time after W low 

8 


10 


13 


ns 

tWP 

Write pulse width 

8 


10 


13 


ns 

tDS 

Data setup time before CAS low or W low 

0 


0 

1 

i 

0 


ns 

tDH 

Data hold time after ^A? low or W low 

8 


10 


13 


ns 



Read-WrIte and Read-Modify-Write Cycles 





Limits 1 


Symbol 

Parameter 


MSM417805C-5.-5S | 

M5M41780SC-6.-6S | 

MSM417B05C-7.-7S | 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tRWC 

Read write/read modify write cycle time 

(Note23) 

109 


133 


161 


ns 

tRAS 

TiA? low pulse width 

75 


89 


107 


ns 

tCAS 

^AS low pulse width 

38 


44 


57 

1F«!*!»M 

ns 

tCSH 

75A5 hold time after RAs low 

70 


82 


99 


ns 

tRSH 

RA5 hold time after ^A5 low 

38 


44 


57 


ns 

tRCS 

Read setup time before ^AS low 



0 


0 


ns 

tCWD 

Delay time, 7JAS low to W low 

(Note24) 

28 


32 


42 


ns 

tRWD 

Delay time, RA5 low to W low 

(Note24) 

65 


77 


92 


ns 

tAWD 

Delay time, address to W low 

{Note24) 

40 


47 


57 


ns 

tOEH 

1 hold time after W low 

13 


15 


20 


ns 


Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(rnin)+tRWL(min)+tRP(min)+4tT. 

24: twcs, tcWD.tRWD and tAWD and.tcpwo are specified as reference points oniy. If twcs£:twcs(min) the cycie is an early write cycle and the OQ pins 
will remain high impedance throughout the entire cycle, if tcWD^tcWD(min), tRWO^tRWD (min), tAWD^tAWD(min) and tcpwD ^tcPWO(min) (for 
hyper page mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the selected address. If neither of the 
above condition (delayed write) of the DQ (at access time and until^AS or^ goes back to ViH) is indeterminate. 
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Hyper page Mode Cycle 

(Read, Early Write, Read-WrIte, Read-Modify-Write Cycle, Read Write Mix Cycle, Hl-Z control by Gf or W) (Note 25) 


Symbol 

Parameter 

Limits 

Unit 

M5M41780SC-5,-SS 

MSM417805C-6.-6S 

M5M41780SC-7,-7S 

Min 


Min 


Min 


tHPC 

Hyper page mode read/write cycle time (Note26) 

20 


25 


30 


ns 

tHPRWC 

Hyper Page Mode read write / read modify write cycie time 

57 


66 


79 


ns 

tRAS 

RAS iow pulse width for read or write cvcie (Note27) 

65 


77 

EEBl 

92 


ns 

tCP 

CAS high puise width (Note28) 

8 

13 

10 

16 

13 

16 

ns 

tCPRH 

PAS hold time after CAS precharge 

28 


33 


38 


ns 

tCPWD 

Delay time, precharge to W low (Note24) 

43 


50 


60 


ns 

tCHOL 

Hold time to maintain the data Hi-Z until CAS access 

7 


7 


7 


ns 

tOEPE 

Ce Pulse Width (Hi-Z control) 

7 


7 


7 


ns 

tWPE 


7 


7 


7 


ns 

tHCWO 

Delay time, CAS low to W low after read 

28 


32 


42 


ns 

tHAWO 

Delay time, Address to W low after read 

40 


47 


57 


ns 

tHPWD 

Delay time, CAC precharge to W low after read 

43 


50 


60 


ns 

tHCOD 

Delay time, CAC low to CE high after read 

13 


15 


20 


ns 

tHAOD 

Delay time. Address to CT high after read 

25 


30 


35 


ns 

tHPOO 

Deiay time, C7^ precharge to CF high after read 

28 


33 


38 


ns 


Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycie. 
26: tHPC(min) is specified in the case of read-only and early write-only in Hyper Page Mode. 

27: tRAS(min) is specified as two cycles of input are performed. 

28: tCP(max) is specified as a reference point only. 


ZSAS before RAS Refresh Cycle (Note 29) 


Symbol 

Parameter 

Limits 

Unit 

M5M417805C-S.-5S 

MSM417eOSC-6.-6S 

MSM41780SC-7.-7S 

Min 

Max 

Min 


Min 

Max 

tesR 

CAC setup time before HAC low 

5 


5 


5 


ns 

tCHR 

CAC hold time after TIAC low 

10 


10 


15 


ns 

tCAS 

CAC low Dulse width 

17 


17 


22 


ns 

tRSR 

Read setup time before RAS low 

5 


5 


5 


ns 

tRHR 

Read hold time after low 

10 


10 


15 


ns 


Note 29: Eight or more CAS before SAS cycles instead of eight SAS cycles are necessary for proper operation of CAS before SAS refresh mode. 


Hidden Refresh Cycle (Noteso) 


Symbol 

Parameter 

Limits 

Unit 

M5M417eOSC-5.-SS 

M5M41780SC-6,-6S 

M5M417805C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRSR 

Read setup time before low 

5 


5 


5 


ns 

tRHR 

Read hold time after fiAC low 

10 


10 


15 


ns 


Note 30: Read, early write, delayed write, read write or read-modify-write cycle is applicable to hidden refresh cycie. In all cases tRSR and tRHR should be 
satisfied. 
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SELF REFRESH SPECIFICATIONS 

Self refresh devices are derx>ted by "S* after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the 
below are same as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta>.0~70lC ,Vcc.5V±10%,Vss.0V, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

|CC8(AV) 

Average supply current 
from Vcc 

Slow-Refresh cycle 

(note 6) 

M5M417805C (S) 

before RA5 refresh cycling 
or RA5 cycling & ^A5^0.2V 
(Sr&WE^O.BV 
or OT & we ^ VCC-0.2V 

Ao~Aio^0.2V 
or Ao ~Aio 2;Vcc-0.2V 
tREF>128ms (2048 cycles) 
output = OPEN 
tRAS-tRASmin. ~1 s 



500 

aA 

|CC9 (AV)* 

Average supply current 
from Vcc 

Self - Refresh cycle 

(note 6) 

M5M417805C(S) 

^ 0.2V 

output = OPEN 

■ 

■ 

200 

aA 


TIMING REQUIREMENTS (Ta>0~70X:,Vcc»5V± 10%, VssoOV, unless otherwise noted See notes 14,15) 


Symbol 

Parameter 

Limits 

Unit 

M5M41780SC-5S 

M5M417805C-6S 

MSM41780|9C-7S 

Min 




Min 

KESli 

tRASS 

Self Refresh ItXS low pulse width 

mm 


100 


100 


AS 

tRPS 

Self Refresh high precharge time 

90 


110 


130 


ns 

tCHS 

Self Refresh RAS hold time 

-50 


-50 


-50 


ns 

tRSR 

Read setup time before low 

10 


10 


10 


ns 

tRHR 

Read hold time after low 

10 


10 


15 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (2K) must be made within t ns / tsN before / after seif refresh, on the condition of t Ns^32ms and tsN^ 
32 ms. 


tNS 

h-1 


tSN 

h- *\ 


Self refresh period 


DISTRIBUTED REFRESH 
< 2K / 32 ms > 


DISTRIBUTED REFRESH 
<2K/32ms> 


(2) In case of burst refresh 

The ieist / first full refresh cycles (2K) must be made within t ns / tsN before / after seif refresh, on the condition of t ns + tsN ^ 32 ms. 


tNS 


tSN 


h 


Self refresh period 


BURST REFRESH 
< 2K / 32 ms > 


BURST REFRESH 
< 2K / 32 ms > 
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TEST Mode SET Cycle (Note3i) 


Symbol 

Parameter 

Limits 

Unit 

M5M417805C-5,-5S 

M5M417805C-S.-6S 

M5M417805C-7.-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tWSR 

W setup time before MS low 

10 


10 


10 


ns 

tWHR 

W hold time after MS low 

10 


10 


15 


ns 


Note 31 :The test mode function is initiated by a W and before cycle (WCBR cycle) as specified in timing diagram. 

The test mode function is terminated by either a'CT^ before refresh cycle (CBR refresh cycle) or aP^ only refresh cycle. 

During the test mode, the device is internally organized as 16-bits wide (1M bytes depth). No addressing of CAo Is required. 

During a write cycle, data must be applied to all DQ (input) pins. The data can be different between DQ pins. The data on each DQ pin is written 
into 2-bits memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 2-bits, respectively. High state 
indicates that they are same. Low state indicates that they are not same. 

During the test mode operation, only WCBR cycle can be used to perform refresh. 


DQl 

DQz 

DQs 

0Q4 

DQs 

DQs 

DQ7 

DQs 



#1 

JT 

JT 

IT 

TT 

HI 

JT 

#T 

IT 

W 

#1? 

#12 

#13 

#iT 

■#15 


#16 


]—( JUDGE )— 

-O DQl 

]—( JUDGE )— 

-».O dq 2 

]—( JUDGE )— 

-*—O dq 3 

]—( JUDGE y- 

O dq 4 

]—(^ JUDGE )— 

-*—O DQs 

}—( judge}— 

—O DQs 

]—( JUDGE }- 

—O dq 7 

}—( JUDGE }— 

► O DQs 
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Timing Diagrams (Note 32) 
Read Cycle 



DQi~DQ8 

(INPUTS) 


DQi~DQe 

(OUTPUTS) 





Note 32 



Indicates the doni care input. 
ViH(min)2ViN^VlH(max) or ViL(min)^ViN2ViL(max) 



Indicates the invalid output. 
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Hyper Page Mode Read Cycle 


Notice- thK i\miK w® 


ms 


ms 


Ao~Aio 


W 


VlH- 

VlL- 


VlH- 

VlL- 


VlH- 

VlL- 


'i. 


tCRP 



tASR 


DQi~DQ8 VlH- 
(INPUTS) VlL- 


DQi~DQ8 Voh- 
(OUTPUTS) voL- 




tRAS 




tCSH 


tRCD 




.tRAH , 


iH 





tASC 


tCAS 


.tCAH , 


COLUMN-1 


tRCS 


tPZC 


tCAL 


m 









tHPC 


tCP 


tASC 


tCAS 


tCAH 


COLUMN-2 


tCAL 


Hi-Z 


tAA 




tRSH 


tCAS 


tCPRH 


tCAH 


COLUMN-3 


tRAL 


tCAL 


.tCAC 


tAA 


tRP 


/ 




ROW 

ADDRESS 


tRRH 


tRCH 


tWEZ 


tRDO 




tREZ 



tOHR 


JQEE- 
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Note 33: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

In all cases tRSR and tRHR should be satisfied. 
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TEST Mode SET Cycle 



DQi—DQs 

VlH- 

(INPUTS) 

VlL- 

DQi~DQ8 

VOH— 

(OUTPUTS) 

VOL— 


ViH- 


ViL- 



Note 34: This cycle can be used for initialized cycle after power-up, however entried into Test Mode. 
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DESCRIPTION 

This Is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideal for 
large-capacity memory systems where high speed, low power 
dissipation , and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in piris and an increase in system densities. . 

FEATURES 


PIN CONFIGURATION (TOP VIEW) 


Type name 


CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 


Cycle 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

RAS 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

M5M416160BXX-6,-6S 

60 

15 

30 

15 

110 

430 

M5M416160BXX-7.-7S 

70 

20 

35 

20 

130 

385 


• Standard 42pin SOJ, 50pin TSOP 

• Single 5.0V ± 10% supply 

• Low stand-by power dissipation 

5.5mW(Max) .. CMOS Input level 

• Low operating power dissipation 

M5M416160BXX-6,-6S . 530.0mW (Max) 

M5M416160BXX-7,-7S .. 470.0mW (Max) 

• Fast-p age mode, Read-modify-write,RAS-only refresh, CAS 
before RAS refresh, Hi^en refresh capabilities 

• Early-write mode and OE to control output buffer impedance 

• All inputs, output TTL compatible and low capacitance 

• 4096 refresh cycles every 64ms (Ao ~Ai i) 

APPLICATION 

Main memory unit for computers. Microcomputer memory. Refresh 
memory for CRT 




(5.0 V) Vcc I 
fDQil 

DATA INPUTS/ DQzI 
OUTPUTS' DCs I 
LdQ4| 
(5.0 V) Vcc I 
fDQsI 

DATA INPUTS/1 DQel 
OUTPUTSi DQ7l 
I DQel 

WRITE CONTROL 

input\^ 

ROW ADDRESS 
STROBE INPUT 


ADDRESS, AOI 
INPUTS! All 
Aat 

(5.0V) Vcc[ 


aVss (OV) 

QDQie "I 

aOQls DATA INPUTS/ 
ODQu ’OUTPUTS 
QDQls J 
aVss (OV) 
aDQi21 

aDQil .DATA INPUTS/ 
BDQio OUTPUTS 

LC3WER BYTE CONTROL 
jNC i COLUMN ADDRESS 
jrgXgJ STROBE INPUT . 
i l l ALAW UPPER BYTE CONTROL 
iUCAS COLUMN ADDRESS 
iTSfe STROBE INPUT 
llAe ^OUTPUT ENABLE 

lAe 

.ADDRESS 
JAS inputs 
OAs 

|A4 J 

IVss (OV) 


Outline 42P0K(400mil SOJ) 


(5.0 V) Vcc C 
•DQiI 

DATA INPUTS/. DQzl 
OUTPUTS DQsI 
LdQ4I 
(5.0V) Vcc [ 
'DQsl 

DATA INPUTS/ DQel 
OUTPUTS’ DQ7| 
DQel 
NCI 


WRITE CONTROL 

INPUTN^I 
ROW ADDRESS __WE 
STROBE INPUT RASE 
'AllB 
AioB 

ADDRESsJ A?l 
INPUTS X’g 

. AeC 
(5.0V) VccE 


3V)VcclI SaVss (OV) 

■ dQi H 2IDQi6 T 

I. I DATA INPUTS/ 

J DQeE 2Z1P Q14 [OUTPUTS 

DQ4E SJDQie J 

3 V)Vcc[E 3aVss(0V) 

'DQsC _ SIDQi2' 

/ DQeg 5 .DATA INPUTS/ 

5’ DQ7E 9 ZZIDQ 10 OUTPUTS 

DQeQS S ZDDQe . 

NCE 221NC 

12 O) 39 

Ok LOWER BYTE CONTROL 

14 O 37 COLUMN ADDRESS 

)L NCOS S aaNc ^Qgg INPUT 

ITN^S ij UPPER BYTE CONTROL 

Q W E W 32IUCAS COLUMN ADDRESS 

T -mm p 

r Ai 1 cs sa Ae 

AioE SQAs 

. AoE 3SIA7 

1’^ AiE gflAe ’ADDRESS 

® A2E Ias inputs 

L Aed 22 IA 4 . 

3V)Vcc ^ B vss (OV) 

Outline 50P3W-L(400mil TSOP) 

NC: NO CONNECTION 
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M5M416160B J,TP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BiT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION 

The M5M416160BJ, TP provide, in addition to normai read, write, 
and read-modify-write operations, a number of other functions. 


e.g., fast page mode, RAS-only refresh, and deiayed-write. 
The input conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Inputs 

Operation 


Lower byte Read 


Upper byte Read 


Word Read 


Lower Byte Write 


Upper Byte Write 


Word write 


Lower Byte Hidden refresh 


Upper Byte Hidden refresh 


Hidden refresh 


cAS before RAS refresh 


stand-by 


Note ; ACT : active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : 


LCAS 

UCAS 

ACT 

NAC 

NAC 

ACT 

ACT 

ACT 

ACT 

NAC 

NAC 

ACT 

ACT 

ACT 

NAC 

NAC 

ACT 

NAC 

NAC 

ACT 

ACT 

ACT 

ACT 

ACT 

DNC 

DNC 



Input/Output 

DQ1-DQ8 

DQ9~DQ16 

DOUT 

OPN 

OPN 

DOUT 

DOUT 

DOUT 

DIN 

DNC 

DNC 

DIN 

DIN 

DIN 

OPN 

OPN 

DOUT 

OPN 

OPN 

DOUT 

DOUT 

DOUT 

OPN 

OPN 

OPN 

OPN 
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MITSUBISHI LSIs 

M5M416160BJ,TP-6,-7,-63,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 


Supply voltage 


Input voltage 


Output voltage 


Output current 


Power dissipation 


Operating temperature 


Storage temperature 


Conditions 


With respect to Vss 



Ratings 


-1~7 


-1~7 


-1~7 


50 


1000 


0~70 


-65 ~ 150 



RECOMMENDED OPERATING CONDITIONS (Ta»0^ 70*C, unless otherwise noted) (Not©i) 


Symbol 

Parameter 

Vcc 

Supply voltage 

Vss 

Supply voltage 

Vih 

High-level input voltage, all inputs 

ViL 

Low-level input voltage, all inputs 



Note 1 : All voltage values are with respect to Vss. 


ELECTRICAL CHARACTERISTICS (Ta=0~ 70’C, Vcc=5.0V ±10%, Vss=0V, unless otherwise noted) (Note2) 


Test conditions 


loHs-5mA 


loL=4.2mA 


Q floating, 0V^Voui^ 5.5V 


OV^ViN^ 6V, Other inputs pins>0V 




High-level output voltage 


Low-level output voltage 


Off-state output current 


Input current 


Average supply current 
Icci (AV) I from vcc operating 


M5M416160B-6,-6S RAS, CAS cycling 
--tRc=twc«>min. 


(Note 3,4,5) M5M416160B-7,-7S output open 


RAS= CAS =ViH. output open 


Supply current from Vcc, , ,_ _ 

stand-by (Note 6) M5M^16160B-6,-7 RAS= CAS ^Vcc -0.2V, output open 

IM5M416160B-6S,-7S | RAS= CASSVcc-0.2V, output open 


Average supply current 
Icc3 (AV) from Vcc refreshing 


rent M5M416160B-6,-6S ras cycling, CA5= Vih 

1 -tRC=«min. 

(Note 3,5) M5M416160B-7,-7S output open 


lcc4(AV) Fast-Page-Mode -tpc=min. 

(Note 3,4,5) M5M416160B-7,-7S 


M5M416160B-6,-6S CAS before RAS refresh cycling 

IccecAv, before R}S refresh --Sutopen 

(Note 3) M5M416160B-7,-7S 


Note 2: Current flowing into an 1C is positive, out is negative. 

3: Icci (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: Icci (AV) and ICC4 (AV) are dependent on output loa ding. S pecifie d values are o btained with the output open. 

5: Column Address can be changed once or less while RASsVil and LCAS/UCASsVih . 



CAPACITANCE (Ta=0~ 70*C, Vcc=5.0V ±10%, Vss=0V, unless otherwise noted) 


Symbol 



Parameter 

Test conditions 

Input capacitance, address Inputs 


Input capacitance, UE input 

Vi=Vss 

Input capacitance, W input 

f=1MHz 

Input capacitance, RAS input 

Vi=25mVrms 

Input capacitance, CAS input 


Input/Output capacitance, data ports 
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MITSUBISHI LSIs 

M5M416160B J,TP-6r7r6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


SWITCHING CHARACTERISTICS (Ta=0~ 70*C, Vcc=5.0V ±10%, Vss=0V, unless othenwise noted , see notes 6,13,14) 





Limits 


Symbol 

Parameter 


M5IVl416160B-6,-6S 

M5M416160B-7,-7S 

Unit 




Min 

Max 

Min 

Max 


tCAC 

Access time from CAS 

(Note7,8) 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note7,9) 


60 


70 

ns 

tAA 

Column address access time 

(Note 7,10) 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 7) 


15 


20 

ns 

tCLZ 

Output low Impedance time from CAS low 

(Note 7) 

5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 12) 

0 

15 

0 

15 

ns 

tOEZ 

Output disable time after OE high 

(Note 12) 

0 

15 

0 

15 

ns 


Note 6: An initial pau se of 500 ^s is requ ired a fter power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containin g a R AS clock such as RAS-Only refresh). __ 

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods 
(greater than 64 ms) of RAS inactivity before proper device operation is achieved. 

7: ^asured with a load circuit equivalent to lOOpF, VOH=2.4V(IOH=-5mA) and VoL=0.4V(IOL=4.2mA). 

8: Assumes that tnco ^ tRCD(max) and tAsc 2 tASC(max). 

9: Assumes that tnco^ tRCO(max)and tRAo^tRAD(max). If tRcoortRAo is greater than the maximum recommended value shown In this table, 
tRAcwlll increase by amount that tRco exceeds the value shown. 

10: Assumes that tRAD 2: tRAD(max) and tASC^tASC(max). 

11: Assumes that tcp ^tcp(max) and tAsc^ tASC(meu(). 

12: tOFF(nnax) and toEZ (max) defines the time at which the output achieves the high impedance state (lour^i ± 10 pA| ) and is not reference to 
VOH(min) or VOL(max). 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write,Refresh, and Fast-Page Mode Cycles) 


(Ta=0 ~70*C, Vcc=5.0V± 10%, Vss=0V, unless otherwise noted,see notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M416160B-6,-6S 

M5M416160B-7,-7S 

Min 

Max 

Min 

Max 

tREF 

Refresh cycle time 

-6,-7 


64 


64 

ms 

tREF 

Refresh cycle time 

-6S, -7S 


128 


128 

ms 

tRP 

RAS high pulse width 

40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note15) 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note16) 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note17) 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

10 


, 10 


ns 

tCAH 

Column address hold time after CAS low 

15 


15 


ns 

tozc 

Delay time, data to CAS low 

(Note18) 

0 


0 


ns 

tozo 

Delay time, data to OE low 

(Note18) 

0 


0 


ns 

tcoo 

Delay time, CAS high to data 

(Note19) 

15 


15 


ns 

tooo 

Delay time, ^ high to data 

(Noteig) 

15 


15 


ns 

tr 

Transition time 

(Note20) 

1 

50 

1 

50 

ns 


Note 13: The timing requirements are assumed tr =5ns. 

14: ViH(min) and ViMmu) are reference levels for measuring timing of input signals. 

IS: tRCD(max) Is Specified as a reference point only. If tRco Is less than tRCD(max), access time Is tRAC. If tRco is greater than tRCD(max). access 
time is controlled exclusively by tCAC or tAA. tRCD(min) is specified as tRcocmin) =tRAH(min) +2tT+tASC(niin). 

16: tRAD(max) is Specified as a reference point only. If tRAO ^ tRAD(max) and tASC ^ tASC(max). access time is controlled exclusively by tAA. 

17: tASC(niax) is specified as a reference point only. If tRCO ^ tRC0(max) and tAsc^ tASC(max), access time is controlled exclusively by tcAC. 

18: Either tozc or tozo must be satisfied. 

19: Either tcoo or tooo must be satisfied. 

20: tr is measured between ViHtmin) and ViL(tnax). 
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MITSUBISHI LSIs 

M5M416160BJ,TP-6,-7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Read and Refresh Cycles 


Symbol 

Parameter 

tRC 

Read cycle time 

tRAS 

low pulse width 

tCAS 

CAS low pulse width 

tCSH 

CAS hold time after RAS low 

tRSH 

RAS hold time after CAS low 

tRCS 

Read Setup time before CAS low 

tRCH 

Read hold time after CAS high 

tRRH 

Read hold time after RAS high 

tRAL 

Column address to RAs hold time 

tOCH 

cAs hold time after OE low 

tORH 

RAS hold time after OE low 


Note 21: Either Irch or tRRH must be satisfied for a read cycie. 



Write Cycle (Early Wdte and Delayed Write) 
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MITSUBISHI LSIs 

M5M416160BJ,TP-6,-7,-68,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Read-Write and Read-Modify-Write Cycles 


Symboi 

Parameter 

Limits 

Unit 

M5M416160B-6,-6S 

M5M416160B-7,-7S 

Min 

Max 

Min 

Max 

tRWC 

Read write/read modify write cycie time (Note22) 

155 


180 


ns 

tRAS 

RAS low pulse width 

105 

10000 

120 

10000 

ns 

tCAS 

CAS low pulse width 

60 

10000 

70 

10000 

ns 

tCSH 

CAS hold time after RAS low 

105 


120 


ns 

tRSH 

RAS hold time after CAS low 

60 


70 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note23) 

40 


45 


ns 

tRWD 

Delay time, RAS low to W low (Note23) 

85 


95 


ns 

tAWD 

Delay time, address toW iow (Note23) 

55 


60 


ns 

tCWL 

CAS hold time after W iow 

15 


20 


ns 

tRWL 

RAS hold time after W low 

15 


20 


ns 

tWP 

Write pulse width 

10 


10 


ns 

tDS 

Data setup time before W low 

0 


0 


ns 

tOH 

Data hold time after W low 

10 


15 


ns 

tOEH 

OE hold time after W low 

15 


15 


ns 


Note 22: tRWC is specified as tRWC(min)=lRAC(mai<)+tODD(min)+tRWL(min)+tRP(min)+5tT. 

23: twcs, tcwD,tRWD and tAWD and.tcpwo are specified as reference points only. If twcs^twcs(min) the cycle is an eariy write cycle and the 
DQpins will remain high impedance throughout the entire cycie. If tcwo^tcwoimin), tRwo^tRwo (min), tAWD^tAWD(min) and tcpwo ^tcpwo(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the seiected address. 
If neither of the above condition (delayed write) of the DQ (at access time and untii CAS or^ goes back to Vih ) is indeterminate. 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 24) 






Limits 


Symbol 


Parameter 


M5M416160B-6,-6S 

M5M416160B-7,-7S 

Unit 





Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 

40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycie time 

85 


95 


ns 

tRAS 

RAS low pulse width for read write cycie 

(Note25) 

100 

125000 

115 

125000 

ns 

tCP 

CAS high pulse width 

(Note26) 

10 

15 

10 

15 

ns 

tCPRH 

RAS hold time after CAS precharge 

35 


40 


ns 

tCPWD 

Delay time, CAS precharge to W low 

(Note23) 

60 


65 


ns 


Note 24: Aii previously specified timing requir emen ts and switching characteristics are appiicabie to their respective fast page mode cycie. 
25: tRAS(tnin) is specified as two cycies of CAS input are performed. 

26: tcp(nia)() is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 27 ) 


Symbol 

Parameter 

Limits 

.Unit 

M5M416160B-6,-6S 

M5M416160B-7,-7S 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS iow 

10 


10 


ns 

tCHR 

CAS hoid time after RAS iow 

10 


15 


ns 


Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycies are necessary for proper operation of CAS before RAS refresh 
mode. 


A MITSUBISHI 
ELECTRIC 


4 - 223 



















































































































































MITSUBISHI LSIs 

M5M416160BJ,TP-6,-7,-68,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Timing Diagrams ( Note 28 ) 
Read Cycle 




Note 28 



Indicates the don't care input. 

ViH(min.) ^ ViN ^ ViH(max) or ViL(min.) ^ Vin S ViL(max) 



Indicates the 
invalid output. 




Indicates the skew of the two inputs. 
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M5M416160B J,TP-6r7,-6Sr7S 

FAST PAGB MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper / (Lower) Byte Read Cycle 
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IVI5M416160B JJP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 


Write Cycle ( Early write) 




DQ 1 -DQ 16 

OUTPUTS 


Hi-Z 
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M5M416160B J,TP-6,-7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper/(Lower) Byte Write Cycle ( Early write) 


twc 



DQ 9 -DQ 16 



Hi-Z 
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M5M416160BJ,TP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORO BY 16-BIT) DYNAMIC RAM 


Write Cycle ( Delayed write ) 
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M5M416160BJ,TP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper/( Lower) Byte Write Cycle ( Delayed write ) 
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M5IVI416160B J,TP-6r7,-6S,-7S 

__ FAST PAGE MODE 16777216-BIT (1048576-WORP BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 
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I\/I5M416160BJ,TP-6,-7,-63,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycie 



LCAS 

(orUCAS) 


DQi-DQe 
(or DQ 9 -DQ 16 ) 

OUTPUTS 


DQ 9 -OQ 16 
(or DQ 1 -DQ 8 ) 


OUTPUTS 
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M5M416160B J,TP-6r7,-6S,-7S 

__ FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 




DQ1-DQ16 

OUTPUTS 


Hi-Z 
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_ FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle 
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M5M416160BJ,TP-6,-7,-63,-7S 

FAST PAGE MOPE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper/(Lower) CAS before RAS Refresh Cycle 



DQi-DQs 
(or DQg-DQi6) 

OUTPUTS 



4-234 






















MITSUBISHI LSIs 

M5M416160B J,TP-6,-7,-6Sr7S 

_ FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 29) 



Note 29: Early write, delayed write, read write or read modify write cycle is appiicabie as well as read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 


A MITSUBISHI 
ELECTRIC 


4 - 235 



MITSUBISHI LSIs 

M5M416160BJ,TP-6r7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper/(Lower) Hidden Refresh Cycle (Byte Read) (Note 29 ) 
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M5M416160BJ,TP-6,-7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Read Cycle 
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M5M416160BJJP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (104857&-WORD BY 16-BIT) DYNAMIC RAM 


Upper/(Lower) Fast Page Mode Read Cycle 


I. tRP I 
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M5M416160B J,TP-6r7,-6Sr7S 

_ FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle ( Early Write ) 



DQ1-DQ16 



Hi-Z 
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M5M416160B JJP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Upper/(Lower) Byte Write Cycle ( Early Write ) 



LCAS 

(orUC^) 


tASR tRAH 


.tASC tCAH 


ROW ^ 
ADDRESS/ 


COLUMN 

ADDRESS-1 


COLUMN 

ADDRESS-2 


COLUMN 

ADDRESS-3 


ROW 

ADDRESS 


, twcs tWCH 


ktWCS tWCH 


.twcs tWCH 


DQi-DQs 
(or DQ 9 -DQ 16 ) 

OUTPUTS■ 


.Ids \ I tDH 


i^tDS \ tDH 


Ids tDH 


DATA VALID-1 


DATA VALID-2 


DATA VALID-3 


DQ 9 -DQ 16 
(or DQi-DQs) 

I OUTPUTS' 
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M5M416160B J,TP-6r7r6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Upper / (Lower) Byte Write ( Delayed Write ) 
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M5M416160B J,TP-6,-7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Read-Write, Read-Modify-Write Cycle 


DCaS/ ECR5 


tCSH 



tRSH 

=_ 








u_ 

tPRWC , 

tRCD 


tCAS 

tCF 

*" * 


tCAS 


I _L_ 








% 


/■ 

% 


/ 

tRAD 

tRAH 

tASC 

4 — ^ 


tCAH 

tASC 

M » 


tCAH 





CbLU^ 

’N 




ROW 

ADDRESS 


r 

RCS 


tWCH 

^_ 


tAWD tCWL 



tCWD \ 

r—H 


tAA 





tCAC tDS 

M . t:_ 



tRCS 





INPUTS 

DQ 1 -DQ 16 

OUTPUTS 
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Fast Page Mode Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle 
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M5M416160BJ,TP-6,-7,-63,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -6S / -7S. The other characteristics and requirements than 
the below are same as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta=0~ 70*C, Vcc=5V ±10%, Vss=OV, unless othenMise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

— 


Ices 

Supply current from Vcc 
Extended refresh cycle 

M5M416160B 

-6S,-7S 

RS5 cycling 75X5 & 0.2V or 

CSS before RAC refresh cycling 

W ^ 0.2V or ^ Vcc - 0.2V 

CE ^ 0.2V or ^ Vcc - 0.2V 

Ao~AiiS 0.2V or ^ Vcc - 0.2V 

DQ = open 

tREF = 128ms 

tRAS = tRAS min~1 /iS 

1 

1 

600 

mA 

|CC9 (AV) 

Average supply current 
from Vcc 

Self - Refresh cycle 

M5M416160B 

-6S,-7S 

^ ^ S 0.2V 

■ 

■ 

400 

AiA 


TIMING REQUIREMENTS (Ta=0~ 70*C, Vcc=5V ± 10%, Vss=0V. unless otherwise noted See notes 13,14) 


Symbol 

Parameter 

1 Limits 

Unit 

M5M416160B-6S 

M5M416160B-7S 

Min 

Max 

Min 

Max 

tRASS 

Self Refresh RAS low pulse width 

100 


100 


iSi| 

tRPS 

Self Refresh RAS high precharge time 

90 


110 


■B 

tCHS 

Self Refresh RAS hold time 

-50 


-50 


■iB 


SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

The last / first full refresh cycles (4K) must be made within tNs / tsN before / after self refresh , on the condition 
of tNs;S 64 ms and tsN ^ 64 ms. 


tNS 




DISTRIBUTED REFRESH 4096 cycles 
<4K/64 ms > 


tSN 


TT 


4096 cycles 


DISTRIBUTED REFRESH 
< 4K / 64 ms > 


(2) In case Of burst refresh 

The last/first full refresh cycles (4K) must be made within tNs/tsN before / after self refresh , on the condition 
of tNs + tsN ^ 64 ms. 


tNS 

h*— 


BURST REFRESH 4096 cycles 
< 4K / 64ms > 


tSN 

t-fS 


4096 cycles BURST REFRESH 
<4K/64ms> 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Self Refresh Cycle 


UCAS / LCAS 




DQ 1 -DQ 16 


OUTPUT 


I 
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MITSUBISHI LSIs 

M5M418160B J,TP-6,-7,-6S,-7S 

FAST PAGE MODE 16777216>BIT( 1048576-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideai for 
iarge-capacity memory systems where high speed, iow power 
dissipation , and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

IH 

Cycle 

time 

(mln.ns) 

Power 

dissipa¬ 

tion 

(^p.mW) 

M5M418160BXX-6,-6S 

60 

15 

30 

15 

110 

680 

M5M418160BXX-7,-7S 

70 

20 

35 

20 

130 

590 


XX=J.TP 


• Standard 42pin SOJ, 50pin TSOP 

• Single 5.0V ± 10% supply 

• Low stand-by power dissipation 

5.5mW(Max) . CMOS Input level 

• Low operating power dissipation 

M5M418160BXX-6,-6S ■. 940.0mW (Max) 

M5M418160BXX-7,-7S.. 830.0mW (Max) 

• Fast-p age mode, Read-modify-write,RAS-only refresh, CAS 
before RAS refresh, Hi^en refresh capabilities 

• Early-write mode and OE to control output buffer impedance 

• All inputs, output TTL compatible and low capacitance 

• 1024 refresh cycles every 16.4ms (Ao -^9) 

APPLICATION 

Main memory unit for computers, Microcomputer memory. Refresh 
memory for CRT 


PIN CONFIGURATION (TOP VIEW) 


(5.0 V) VccE 

i DQiCZ 
DQsII 
DQsEI 
DQ4E 

)VccE 
fDQslI 
DATAINPUTS/J DQsE 
OUTPUTS 1 DQzC 
LDOsHS 
Ncm 

WRITE CONTROL^ 

INPUT ^ WES 
ROW ADDRESS RAR nt 
STROBE INPUT 

NCOS 

{ AoDZ 
AiQ! 
AzQS 
As IS 
(5.0V)VccE: 



DATA INPUTS/ 
h OUTPUTS 


SaVss (OV) 

2DDQi6 
Z|DQi5 
2S|DQi4 
33]DQi3 
3ZlVss(0V) 

3QDQi2 T 

aaDQll DATA INPUTS/ 
SaDQlo OUTPUTS 
331DQ9 J 

3Z1NC lower byte controlI 

J“iiX__,COLUMN ADDRESS * 

SDLCAS'strobe input 
iBiriT^Tre upper byte control 
laaiyi/AO COLUMN address 
strobe input 

29 A9 yOUTPUT enable inputI 

23 As 

29 A? (ADDRESS 
ZSAs r INPUTS 
90 As 

SIA4 

29Vss (OV) 


Outline 42P0K(400mil SOJ) 


(5.0 V) VccE 
fDQiE 
DATAINPUTS/J DQ 2 E 
OUTPUTS! DQsE 
LdQ4E 
(5.0V) VccE 
fDQsE 
DATA INPUTS/J DQsE 
OUTPUTS ] DQtE 
LdQsD! 

Ncm 


NCOS 

WRITE CONTROL 

input ~~~-w E 

ROW ADDRESS r^CS 
STROBE INPUT 

NCI2!I 
A 0 I 2 I 

ADDRESS ' 

INPUTS 


A 1 I 22 
A 2 IS 
As IS 
(5.0V) VCCES 



taVss(OV) 

^DQ16 '1 

DQi5 data inputs/ 
|DQi4 outputs 
IDQls , 

^SS(OV) 

HDQ12 
nDQii 
IDQ10 
IDQ9 
tUNC 


DATA INPUTS/ 
OUTPUTS 


IUNC 


LOWER BYTE CONTROL! 
COLUMN ADDRESS 
STROBE INPUT 

-- UPPER BYTE CONTROLl 

iH/lll If COLUMN ADDRESS 

HU STROBE INPUT 

OUTPUT ENABLE INPUIf 


INC ft 

life'? 


29 A9 
29 As 
29A7 
29 As 
29 As 
23A4 
SlVss (OV) 


LADDRESS 
INPUTS 


Outline 50P3W-L(400mil TSOP) 


NC : NO CONNECTION 
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M5M418160B J,TP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION _ 

The M5M418160BJ,TP provide, in addition to normai read, functions, e.g., fast page mode, RAS-oniy refresh, and delayed-write. 
write, and read-modify-write operations, a number of other The input conditions for each are shown in Tabie 1. 


Table 1 Input conditions for each mode 



Note : ACT : active, NAC : nonactive, DNC : don't care, VLD : vaiid, IVD : invalid, APO : applied, OPN : open 
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MITSUBISHI LSIs 

M5M418160B JJP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 


Supply voltage 


Input voltage 


Output voltage 


Output current 


Power dissipation 


Operating temperature 


Storage temperature 


With respect to Vss 



Ratings 


-1~7 


-1~7 


-1~7 


50 


1000 


0~70' 


-65 ~ 150 



RECOMMENDED OPERATING CONDITIONS (Ta=o-. 70*C, unless othenwise noted) (Notei) 


Symbol 

Parameter 

Vcc 

Supply voltage 

Vss 

Supply voltage 

ViH 

High-level input voltage, all inputs 

ViL 

Low-level input voltage, all inputs 



Note 1 : All voltage values are with respect to Vss. 

ELECTRICAL CHARACTERISTICS (Ta=0~ 70*C. Vcc=5.0V ±10%, Vss*0V, unless otherwise noted) (Note2) 


Symbol 

Parameter 

Test conditions 

VOH 

High-level output voltage 

loH=-5mA 

VOL 

Low-level output voltage 

l0L=4.2mA 

loz 

Off-state output current 

Q floating, OV^VouT^ 5.5V 

h 

Input current 

OV^ViN ^ 6V, Other inputs pins^OV 

Icci (AV) 

Average supply current 
from vcc operating 

M5M418160B-6,-6S 

RAS, CAS cycling 

(Note 3,4,5) 

M5M418160B-7,-7S 

tRC=twc=min. 
output open 




RAS- CAS -ViH, output open 

|CC2 

Supply current from Vcc, 
stand-by (Note 6) 

M5M418t60B-6,-7 

RAS- CAS ^Vcc -0.2V, output open 


M5M4t8t60B-6S,-7S 

RAS- CAS ^Vcc -0.2V, output open 

|CC3 (AV) 

Average supply current 

M5M4t8160B-6,-6S 

RAS cycling, CAS- Vih 

(Note 3,5) 

M5M418t60B-7.-7S 

output open 

|CC4(AV) 

Average supply current 
from Vcc 

M5M418t60B-6,-6S 

RAS-Vil, CAS cycling 

Fast-Page-Mode 

(Note 3,4,5) 

M5M4t8t60B-7,-7S 

output open 

ICC6(AV) 

Average supply current 
from Vcc __ 

M5M418160B-6.-6S 

CAS before RAS refresh cycling 
tRc-min. 

CAS before RAS refresh 
mode 

(Note 3) 

M5M418t60B-7,-7S 

output open 



Note 2: Current flowing into an 1C is positive, out is negative. 

3: ICC1 (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycie rate. Maximum current is measured at the fastest cycle rate. 
4; ICCI (AV) and ICC4 (AV) are dependent on output loa ding. Specifie d values are o btained with the output open. 

5; Column Address can be changed once or less while RAS=Vil and LCASAJCAS=Vih . 


CAPACITANCE (Ta=0~ 70*C, Vcc=5.0V ±10%, Vss=0V, unless otherwise noted) 


Symbol 



Parameter 

Test conditions 

Input capacitance, address inputs 


Input capacitance, OE input 

Vi=Vss 

Input capacitance, W input 

f=1MHz 

Input capacitance, RAS input 

Vi=25mVrms 

Input capacitance, CAS input 


Input/Output capacitance, data ports 







































































































































MITSUBISHI LSIs 

M5M418160B J,TP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 


SWITCHING CHARACTERISTICS (Ta=0~ 70*C, Vcc=S.OV± 10%, Vss=0V, unless otherwise noted , see notes 6,13,14) 





Limits 


Symbol 

Parameter 


M5M418160B-6,-6S 


Unit 




Min 

Max 

Min 

Max 


tCAC 

Access time from CAS 

(Note7,8) 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note7,9) 


60 


70 

ns 

tAA 

Column address access time 

(Note 7,10) 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 7) 


15 


20 

ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 12) 

0 

15 

0 

15 

ns 

tOEZ 

Output disable time after OE high 

(Note 12) 

0 

15 

0 

15 

ns 


Note 6: An initial pau se of 500 ps is requ ired a fter power-up foilowed by a minimum of eight initialization cycies (any combination of cycles 
containin g a R AS ciock such as RAS-Oniy refresh). __ 

Note the RAS may be cy cied d uring the initial pause. And any 8 RAS or RAS/CAS cycles are required after proionged periods 
(greater than 16.4 ms) of RAS inactivity before proper device operation is achieved. 

7: Kfeasured with a load circuit equivalent to 10OpF, VoH=2.4V(IOH=-5mA) and Vot.=0.4V(IOL=4.2mA). 

8: Assumes that taco^ tRcocmu) and tAsc^ tAsc(ma«). 

9: Assumes that taco^ tacD((rax) arid taAC^ taAO(max). If taco ortaAO is greater than the maximum recommended vaiue shown in this tabie, 
taAC will increase by amount that taco exceeds the value shown. 

10: Assumes that taAO^ taAD(max) and tAsc^ tASC(max). 

11: Assumes that tcp ^ tcp(max) and tAsc^ tASC(max). 

12: toFF(tTiax) and toEZ (mu) defines the time at which the output achieves the high impedance state (ioir^ I ± 10 pAi ) and is not reference to 
VoH(min)OrVOL(max). 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 


(Ta=0 ~ 70 *Q Vcc=5.0V ± 10%, Vss=0V, unless othenwise noted , see notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M418160B-6,-6S 

M5M418160B-7,-7S 

Min 

Max 

Min 

Max 

tREF 

Refresh cycle time 

-6,-7 


16.4 


16.4 

ms 

tBEF 

Refresh cycle time 

-6S, -7S 


128 


128 

ms 

tRP 

RAS high pulse width 

40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(NotelS) 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note16) 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note17) 

0 

10 


10 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


ns 

tCAH 

Column address hold time after DaS low 

15 


15 


ns 

tozc 

Delay time, data to CAS low 

(Note18) 

0 


0 


ns 

tozo 

Delay time, data to 5E low 

(Note18) 

0 


0 


ns 

tCDO 

Delay time, CAS high to data 

(Note19) 

15 


15 


ns 

tooo 

Delay time, ^ high to data 

(Note19) 

15 


15 


ns 

tx 

Transition time 

(Note20) 

1 

50 

1 

50 

ns 


Note 13: The timing requirements are assumed tT=5ns. 

14: ViH(min) and ViMmu) are reference levels for measuring timing of input signals. 

15: tnco(m«) is specified as a reference point oniy. If taco is less than tncD(mex), access time is tRAC. If tRcc is greater than tRCD(max). access 
time is controlled exclusively by tcAC or tAA. tRCD(min) is specified as tRCO(min) =tRAH(min) +2tT+tAsc(min). 

16: tRAD(m«) is specified as a reference point only. If (rao^ tRAD(max) and tAsc^ tASC(max). access time is controlled exclusively by Iaa 
17: tASC(max) is specified as a reference point only. If tRco^ tRCO(max) and tAsc^ tAsc(max). access time is controlled exclusively by tcAc. 

18: Either tozc or tozo must be satisfied. 

19: Either tcoo or tooo must be satisfied. 

20: tris measured between ViH(min) and ViL(max). 
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MITSUBISHI LSIs 

M5M418160B JJP-6,-7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Read and Refresh Cycles 




Read cycle time 


RAS low pulse width 


CAS low pulse width 


CAS hold time after fmS low 


AAS hold time after CAS low 


Read Setup time before CAS low 


Read hold time after CAS high 


Read hold time after RAS high 


Column address to RAS hold time 


CAS hold time after OE low 


RAS hold time after OE low 


: Either tncH or tRRH must be satisfied for a read cycle. 


Limits 


M5M418160B-6,-6S M5M418160B-7,-7S 


(Note 21) 


(Note 21) 



Write Cycle (Early Write and Delayed Write) 









































































































































MITSUBISHI LSIs 

M5M418160B J JP-6,-7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5lVl418160B-6,-6S 

M5M418160B-7,-7S 

Min 

Max 

Min 

Max 

tnwc 

Read write/read modify write cycle time (Note22) 

155 


180 


ns 

tRAS 

RAS low pulse width 

105 

10000 

120 

10000 

ns 

tCAS 

CAS low pulse width 

60 

10000 

70 

10000 

ns 

tCSH 

CAS hold time after RAS low 

105 


120 


ns 

tRSH 

RAS hold time after CAS low 

60 


70 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Noto23) 

40 


45 


ns 

tRWO 

Delay time, RAS low to W low (Noto23) 

85 


95 


ns 

tAWD 

Delay time, address toW low (Note23) 

55 


60 


ns 

tCWL 

CAS hold time after W low 

15 


20 


ns 

tRWL 

RAS hold time after W low 

15 


20 


ns 

tWP 

Write pulse width 

10 


10 


ns 

tos 

Data setup time before W low 

0 


0 


ns 

tOH 

Data hold time after W low 

10 


15 


ns 

tOEH 

OE hold time after W low 

15 


15 


ns 


Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(niln)+tRWMmin)-t-tHP(mln)-(-5tT. 

23: twcs, tcwD.tRWD and tAwo and,tcpwo are specified as reference points only. If twcs^tvvcs(min) the cycle is an early write cycle and the 
DQpins will remain high impedance throughout the entire cycle. If tcwD^tcwD(min). tRWO^tRWo (min), tAWD^tAWD(min) and tcPWD ^tcpwD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DQ (at access time and until cAS or OE goes back to Vih ) is indeterminate. 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 24) 






Limits 


Symbol 


Parameter 


M5M418160B-6,-6S 

M5M418160B-7,-7S 

Unit 





Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 

40 


45 


ns 

tPRWC 

Fsist page mode read write/read modify write cycle time 

85 


95 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note25) 

100 

125000 

115 

■rmw 

ns 

tCP 

CAS high pulse width 

(Note26) 

10 

15 

10 

15 

ns 

tCPRH 

RAS hold time after CA$ precharge 

35 


40 


ns 

tCPWD 

Delay time, CAS precharge to W low 

(Note23) 

60 


65 


ns 


Note 24: All previously specified timing requi remen ts and switching characteristics are applicable to their respective fast page mode cycle. 
25: tRAS(min) is specified as two cycles of CAS input are performed. 

26: tcp(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 2 ?) 


Symbol 

Parameter 

Limits 

Unit 

M5M418160B-6,-6S 

M5M418160B-7,-7S 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 


15 


ns 


Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 
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M5M418160B J,TP-6r7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Timing Diagrams (Note 28 ) 
Read Cycle 



LCAS/ UCAS 


I INPUTS 
DQ 1 -DQ 16 

OUTPUTS 
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M5M418160BJJP-6,-7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper / (Lower) Byte Read Cycle 



DQ9-DQ16 
(or DQi-DQe) 

OUTPUTS 


A 


MITSUBISHI 

ELECTRIC 
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Write Cycle (Early write) 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper/(Lower) Byte Write Cycle ( Early write) 


twc 




(or DQi-DQs) 


Hi-Z 
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Write Cycle ( Delayed write ) 


RAS 


UCAS/ LCAS 


A 0 -A 9 


W 
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FAST PAGE MODE 16777216>BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper/(Lower) Byte Write Cycle ( Delayed write ) 



DQi-DQs 
(or DQ9-DQ16) 

OUTPUTS 


DQ 9 -DQi 6 
(or DQi-DQa) 

OUTPUTS 


A 


MITSUBISHI 

ELECTRIC 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Read-WrIte, Read-Modify-Write Cycle 


tRWC 
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Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle 
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RA&only Refresh Cycle 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle 
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M5M418160BJ,TP-6r7,-63,-78 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper/(Lower) CAS before RAS Refresh Cycle 


tRP 


tRC 


tRC 
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M5M418160BJ,TP-6,-7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORO BY 16-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 29) 



Note 29: Early write, delayed write, read write or read modify write cycle is applicable as well as read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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Upper/(Lower) Hidden Refresh Cycle (Byte Read) (Note 29 ) 
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M5M418160BJ,TP-6,-7,-63,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 


Fast Page Mode Read Cycle 
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M5M418160B J,TP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper/(Lower) Fast Page Mode Read Cycle 


I. tRP .1 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Write Cycle ( Early Write ) 
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M5M418160BJ JP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Upper/(Lower) Byte Write Cycle ( Early Write ) 


RAS 


UCAS 




tCRP 

k- 


(or LCAS) 


tCRP 

k-H 


LCAS 


(or UCAS) 


Ao-As 


tASR tRAH 


tRAS 


tCSH 


tRCD 


■s,_ 


ROW 

DRESS 


tASC 


tCAS 


tPC 


tCP 


tCAH 


COLUMN 

ADDRESS-1 


W 


INPUTS 


DQi-DQs 
(or DQ 9 -DQ 16 ) 


OUTPUTS• 


INPUTS 


DQ 9 -DQ 16 
(or DQi-DQe) 


01 


OUTPUTS• 


tASC 

}* -H 


tCAS 


tCP 


tCAH 


COLUMN 

ADDRESS-2 




Hi-Z 


Hi-Z 


tASC 


tRSH ^ 

\ 


tCAS 


tRP 


tRPC 'CRP 


£ 



tRPC tCRP 



tCAH 


COLUMN 

ADDRESS-3 


/5X>^twcs 
-H/OWW^k-H 


tASR 


ROW 

ADDRESS 



OE 
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M5M418160BJ,TP-6,-7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Upper / (Lower) Byte Write ( Delayed Write ) 
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INPUTS 
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OUTPUTS 
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MITSUBISHI LSIs 

M5M418160B J,TP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Mode Read-Write, Read-Modify-Write Cycle 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle 
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MITSUBISHI LSIs 

M5M418160B J JP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -6S / -7S. The other characteristics and requirements than 
the below are same as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta=0~ 70*C. Vcc=5V ±10%, Vss=0V, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

BB 


Ices 

Supply current from Vcc 
Extended refresh cycle 

M5M418160B 

-6S,-7S 

R7S5 cycling CS5 ^ 0.2V or 

CS5 before RS5 refresh cycling 

W ^ 0.2V or ^ Vcc - 0.2V 
dE S 0.2V or S Vcc - 0.2V 

Ao~A9 ^ 0.2V or ^ Vcc - 0.2V 

DQ = open 

tREF = 128ms 

tRAS = tRAS min~1 fts 


1 

500 

mA 

|CC9 (AV) 

Average supply current 
from Vcc 

Self- Refresh cycle 

M5M418160B 

-6S.-7S 

^ 2 0.2V 

■ 

■ 

400 

//A 


TIMING REQUIREMENTS (Ta=0~ 70*C, Vcc=5V ± 10%, Vss=0V, unless othenwise noted See notes 13,14) 


Symbol 

Parameter 

1 Limits 

Unit 

{ M5M418160B-6S 

M5M418160B-7S 

Min 

Max 

Min 

Max 

tRASS 

Self Refresh RAS low pulse width 

100 


100 



tRPS 

Self Refresh RAS high precharge time 

90 


110 


nom 

tCHS 

Self Refresh RAS hold time 

-50 


-50 


iQi 


SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

The last/first full refresh cycles (1K) must be made within tNs/tsN before / after self refresh , on the condition 
of tNs^ 16.4 ms and tsN ^ 16.4 ms. 



DISTRIBUTED REFRESH 1024 cycles 1024 cycles DISTRIBUTED REFRESH 

<1K/16.4fns> <1K/16.4ms> 


(2) In case of burst refresh 


The last / first full refresh cycles (1K) must be made within tNs / tsN before / after self refresh , on the condition 
of tNs + tsN ^ 16.4 ms. 





tSN 


BURST REFRESH 1024 cycles 
< IK / 16.4ms > 


1024 cycles BURST REFRESH 
< IK /16.4 ms > 
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M5M418160B JJP-6r7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Self Refresh Cycle 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper/(Lower) Self Refresh Cycle* 
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MITSUBISHI LSIs 

M5M418165B J,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BiT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for iarge-capacity memory systems where high speed, iow power 
dissipation, and iow costs are essential. 

The use of double-layer aluminum process combined with 
tripie-weli CMOS technoiogy and a singie-transistor dynamic 
storage stacked capacitor celi provide high circuit density at 
reduced costs. Muitipiexed address inputs permit both a reduction 
in pins and an increase in system densities. 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

lime 

(max.ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

lime 

(max.ns) 

Cycle 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

M5M418165BXX-6,-6S 

60 

15 

30 

15 

110 


M5M418165BXX-7,-7S 

70 

20 

35 

20 

130 

1 590 1 


XX=J,TP 


•Standard 42 pin SOJ, 50 pin TSOP 
•Singie 5.0V ±10% suppiy 
•Low stand-by power dissipation 

5.5mW (Max) .-.CMOS input ievel 

•Low operating power dissipation 

M5M418l65Bxx-6,-6S . 940.0mW (Max) 

M5M418165Bxx-7,-7S - 2 ^-830.0mW (Max) 

• Hype r-page mode , Read-modify-write, RAS-only refresh 
CAS before RAS refresh, Hidden refresh capabiiities 

•Eariy-write mode and OE to controi output buffer impedance 
Ali inputs, output TTL compatibie and low capacitance 

• 1024 refresh cycies every 16.4ms (Ao ~A9) 

APPLICATION 

Main memory unit for computers. Microcomputer memory. 

Refresh memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

Ao~A9 

Address inputs 

DQi~DQi6 

Data inputs/outputs 

R^ 

Row address strobe input 

UCAS 

Upper byte control 
column address strobe input 

LCAS 

Lower byte control 
column address strobe input 

W 

Write control input 

OE 

Output enable input 

Vcc 

Power supply (-l■5.0V) 

Vss 

Ground (OV) 


PIN CONFIGURATION (TOP VIEW) 

vcc |T 


42] Vss 

DQl E 


Til DQ16 

DQ2 [T 


^ DQ15 

DQ3 [T 


^ DQl 4 

DQ4 E 


iD DQl 3 

VCC E 


37] Vss 

DQ5 \T 


i] DQ12 

DQS E 


is] DQll 

DQ7 [7 


^ DQio 

DQ8 Qo 

3 

ID DQ9 

NC E 

00 

D NC 

NC E 

o> 

cn 

ID LCAS 


2 

ID UCAS 

RAS E 


D OE 

NC E 


^ A9 

NC E 


ID A8 

M 

o 

< 


^ A7 

A1 01 


is] AS 

A2 E 


ID As 

A3 E 


ID A4 

vcc E 


El VSS 

Outline 42P0K (400mil SOJ) 

vcc jT 


VSS 

DQl [7 


^ DQ16 

dq2 [7 


^ DQiS 

DQ3 E 


47 ] DQ14 

dq4 e 


^ DQl 3 

vcc E 


^ Vss 

DQ5 \7 


44 ] DQ 12 

DQe [s’ 


^ DQ 11 

DQ7 E 


42 ] DQ 10 

DQs E 


El DQ9 

NC E 

3 

cn 

12 S 39 

13 oe 38 

14 g 37 

0 

j|_ 

NC 01 

5 

^ NC 

NC 01 

T) 

ID LCAS 

w E 


ID UCAS 

E 


D OE 

NC E 


^ A9 

NC E 


ID A8 

Ao E 


^ A7 

A1 E 


^ AS 

A2 E 


^ As 

A3 E 


ID A4 

vcc E 


^ VSS 

Outline 50P3W-L (400mil TSOP Normal Bend) 

NC: NO CONNECTION 
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M5M418165B J,TP-6r7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION _ 

The M5M418165BJ, TP provide, in addition to normal read, write, hyper page mode, RAS-only refresh, and delayed-write. The input 

and read-modify-write operations, a number of other functions, e.g., conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Output 1 


LCAS 

UCAS 

W 

OE 

DQi~DQ8 

DQe-DQis 

Lower byte read 

ACT 

ACT 

NAC 

NAC 

ACT 

DOUT 

OPN 

Upper byte read 

ACT 

NAC 

ACT 

NAC 

ACT 

OPN 

DOUT 

Word read 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

Lower byte write 

ACT 

ACT 

NAC 

ACT 

NAC 

DIN 

DNC 

Upper byte write 

ACT 

NAC 

ACT 

ACT 

NAC 

DNC 

DIN 

Word write 

ACT 

ACT 

ACT 

ACT 

NAC 

DIN 

DIN 


ACT 

NAC 

NAC 

DNC 

DNC 

OPN 

OPN 

Hidden refresh 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

CAS before RAS refresh 

ACT 

ACT 

ACT 

DNC 

DNC 

OPN 

OPN 

Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

OPN 


Note; ACT ; active, NAC ; nonactive, DNC ; don't care, VLD ; valid, IVD : invalid, APD : applied, OPN : open 


BLOCK DIAGRAM 


ROW ADDRESS _ 

STROBE INPUT RAS 

LOWER BYTE CONTROL _ 

COLUMN ADDRESS LCAS 
STROBE INPUT 


UPPER BYTE CONTROL 
COLUMN ADDRESS 
STROBE INPUT 


UCAS 


WRITE CONTROL 
INPUT 


f AO 
A1 
A2 


A3 


ADDRESS INPUTS < 


A4 

AS 


As 

A7 


As 
V A9 
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M5M418165BJ,TP-6r7,-6S,-7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-1~7 

V 

Vi 

Input voltage 

-1~7 

V 

Vo 

Output voltage 

-1~7 

V 

1 0 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25‘C 

1000 

mW 

Topr 

Operating temperature 


0~70 

*0 

Tstg 

Storage temperature 


-65 ~ 150 

•c 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70‘’C, unless otherwise noted) (Note l) 


Symbol 

Parameter 

Limits 

Unit 

Min 



Vcc 

Supply voltage 

■09 

5.0 

5.5 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

ViH 

High-level input voltage, all inputs 

mm 


6.0 

V 

ViL 

Low-levei input voltage, all inputs 




V 


Note 1: All voltage values are with respect to VSS. 


ELECTRICAL CHARACTERISTICS (Ta=0~70'’C, Vcc=5.0V±10%, Vss=0V. unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

■09 

121^1 

VOH 

High-level output voltage 

iOH=-5.0mA 

mm 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=4.2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating 0 V^Vout^ 5.5V 



10 


h 

Input current 

OV^ ViN ^ 6V, Other inputs pins=0V 

-10 


10 

/.A 

ICCI(AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M418165B-6,-6S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



170 

mA 

M5M418165B-7,-7S 



150 

ICC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 


M5M418165B-6,-7 

RAS= CASS Vcc -0.2V, output open 



1 

M5M418165B-6S,-7S 

RAS= CASsVcc -0.2V, output open 



0.3 

ICC3(AV) 

Average supply current 
from Vcc, refreshing 

(Note 3,5) 

M5M418165B-6,-6S 

RAS cycling, CAS=Vih 

tRC=min. 

output open 



170 

mA 

M5M418165B-7,-7S 



150 

ICC4(AV) 

Average supply current 
from Vcc 

Hyper-Page-Mode 

(Note 3,4,5) 

M5M418165B-6,-6S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



135 

mA 

M5M418165B-7,-7S 



115 

ICC6(AV) 

Average supply current 

from Vcc __ 

CAS before RAS refresh 

(Note 3) 

M5M418165B-6,-6S 

CAS before RAS refresh cyciing 

tRC=min. 

output open 



170 

mA 

M5M418165B-7,-7S 



150 


Note 2: Current flowing into an IC is positive, out is negative. 

3: ICC1 (AV), ICC3 (AV) and ICC4 (aV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: Icci (AV) and ICC4 (AV) are dependent on output loa ding. Specified values are o btained with the output open. 

5: Column address can be changed once or less while RAS=VlL and LCAS/UCAS=VlH . 
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MITSUBISHI LSIs 


M5M418165B JJP-6,-7,-6Sr7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~70”C, Vcc=5.0\/±10%, Vss=0V, unless othenwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, address inputs 





5 

PF 

Cl(OE) 

Input capacitance, OE input 





7 

PF 

C\m 

Input capacitance, write controi input 

f=1 MHz 




7 

pF 

Cl(R^) 

Input capacitance, RAS input 

Vi=25mVrms 




7 

pF 

Cl (CAS) 

Input capacitance, CAS input 





7 

pF 

Cl/0 

Input/Output capacitance, data ports 




_ 

8 

pF 

SWITCHING CHARACTERISTICS (Ta=0~70"C. Vcc= 

=5.0V±10%, Vss=0V, unless othenwise noted, see notes 6,14,15) 





Limits 


Symbol 

Parameter 


M5M418165B-6,-6S 

M5M418165B-7,-7S 

Unit 





Min 



tCAC 

Access time from CAS 

(Note 7,8) 


15 


20 

ns 

tRAC 




60 


70 

ns 

tAA 

Columu address access time 

(Note 7,10) 


30 


35 

ns 

tCPA 

Access time from CAS precharpe 

(Note 7,11) 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 7) 


15 


20 

ns 

tOHC 

Output hold time from CAS 

5 


5 


ns 

tOHR 

Output hold time from RAS 

(Note 13) 

5 


5 


ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


ns 

tOEZ 

Output disable time after OE high 

(Note 12) 

0 

15 

0 

20 

ns 

tWEZ 

Output disable time after WE high 

(Note 12) 

0 

15 

0 

20 

ns 

tOFF 

Output disable time after CAS high 

(Note 12,13) 

0 

15 

0 

20 

ns 

tREZ 

Output disable time after RAS high 

(Note 12,13) 

BEIH 

15 

0 

20 

ns 


Note 6: An initial pause of 500 ps is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock su ch as RAS-Only refresh). __ 

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 16.4ms) 


of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(IOH=-5mA) / VOI.^0.4V(IOL^.2mA) load lOOpF. 

The reference levels for measuring of output signal are 2.0V(VOH) and 0.8V(VOL). 

8; Assumes that tRCD ^ tRCD(max) and tASC ^ tASC(max). and tCP^ tCPfmax). 

9: Assumes that tRCD ^ tRCD(max) and tRAD ^tRAD(max). If tRCD or tRAO is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD ^ tRAD(max) and tASC ^ tASC(max). 

11: Assumes that tCP^ tCP(max) and tASC ^ tASC(max). 

12; tOEZ(max), tWEZ(max), tOFF(max) and tREZ(max) defines the time at which the output achieves the high impedance state (loUT^ | ±1 OuA |) 
and is not reference to VOH(min) or VOL(max). 

13: Output is disabled after both RAS and Cas go to high. 
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M5M418165BJ,TP-6,-7,-68,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 

(Ta=0~70°C, Vcc=5.0V± 10%, Vss=0V, unless otherwise noted, see notes 14,15) 


Symbol 

Parameter 

Limits 

Unit 

M5M418165B-6,-«S 

M5M418165B-7,-7S 

Min - 

Max 

Min 

Max 

tREF 

Refresh cycle time 

-6,-7 


16.4 


16.4 

ms 

tREF 

Refresh cycle time 

-6S, -7S 


128 


128 

ms 

tRP 

RAS high pulse width 

40 




ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 16) 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 17) 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 18) 

0 

10 

0 

13 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


ns 

tCAH 

Column address hold time after CAS low 

10 


10 


ns 

tDZC 

Delay time, data to CAS low 

(Note 19) 

0 


0 


ns 

tDZQ 

Delay time, data to OE low 

(Note 19) 

0 


0 


ns 

tRDD 

Deiay time, RAS high to data 

(Note 20) 

15 


20 


ns 

tCDD 

Delay time, CAS high to data 

(Note 20) 

15 


20 


ns 

tODD 

Delay time, OE high to data 

(Note 20) 

15 




ns 

tT 

Transition time 

(Note 21) 

1 

50 

1 

50 

ns 


Note 14; The timing requirements are assumed tT =2ns. 

15: VlH(min) and ViL(max) are reference leveis for measuring timing of input signals. 

16: tFICD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 


controlled exclusively by tCAC or tAA. 

17: tRAD(max) is specified as a reference point only. If tRAD ^tRAD(max) and tASC StASC(max), access time is controlled exclusively by tAA. 
18: tASC(max) is specified as a reference point only. If tRCD ^ tRCD(tnax) and tASC ^tASC(max), access time is controlled exclusively by tCAC 
19; Either tDZC or tDZO must be satisfied. 

20: Either tRDD or tCDD or tODD must be satisfied. 

21; tr is measured between ViH(min) and ViL(max). 


Read and Refresh Cycles 





Limits 


Symbol 

Parameter 



M5M418165B-7,-7S 

Unit 




Min 

Max 

Min 

Max 


tRC 

Read cycle time 

110 


130 


ns 

tRAS 

RAS iow pulse width 

60 


70 

■nimuM 

ns 

tCAS 

CAS low pulse width 

10 


13 


ns 

tCSH 

CAS hold lime after RAS low 

48 


55 


ns 

tRSH 


15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tRCH 


(Note 22) 

0 


0 


ns 

tRRH 

Read hold time after RAS high 

(Note 22) 

10 


10 


ns 

tRAL 

Column address to RAS hold time 

30 


35 


ns 

tCAL 

Column address to CAS hold time 

18 


23 


ns 

tORH 


15 


20 


ns 

tOCH 


15 


20 


ns 


Note 22; Either tRCH or tRRH must be satisfied for a read cycle. 
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MITSUBISHI LSIs 


M5M418165B J,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M418165B-6,-6S 

M5M418l65B-7,-7S 

Min 

Max 

Min 

Max 

two 

Write cycle time 

110 


130 


ns 

tRAS 

RAS low pulse width 

60 

KItViM 

70 


ns 

tCAS 

CAS low pulse width 

10 


13 


ns 

tCSH 

CAS hold time after RAS low 

48 


55 


ns 

tRSH 


15 


20 


ns 

twcs 

Write setup time before CAS low (Note 24) 

0 


0 


ns 

tWCH 


10 


13 


ns 

tCWL 

CAS hold time after W low 

10 


13 


ns 

tRWL 


10 


13 


ns 

tWP 

Write pulse width 

10 


13 


ns 

tDS 

Data setup time before CAS low or W low 

0 


0 


ns 

tDH 


10 


13 


ns 


Read-Write and Read-Modify-Write Cycies 





Limits 


Symbol 

Parameter 


M5M418165B-6,-6S 

M5M418165B-7,-7S 

Unit 




Min 

Max 

Min 

Max 


tRWC 

Read write/read modify write cycle time 

(Note 23) 

133 


161 


ns 

tRAS 

RAS low pulse width 

89 


107 

W 

ns 

tCAS 

CAS low pulse width 

44 


57 

IM&itI 

ns 

tCSH 

CAS hold time after RAS low 

82 


99 


ns 

tRSH 


44 


57 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tCWD 

Delay time, CAS low to W low 

(Note 24) 

32 


42 


ns 

tRWD 

Delay time, RAS low to W low 

(Note 24) 

77 


92 


ns 

tAWD 

Delay time, address to W low 

(Note 24) 

47 


57 


ns 

tOEH 


15 


20 


ns 


Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)44tT. 

24: tWCS, tCWD, tRWD and tAWD and, tCPWD are specified as reference points oniy. If tWCSStWCS(min) the cycle is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tCWD&tCWDfmm), tRWD^tRWD(min), tAWD^tAtWD(min) and tCPWDS tCPWD(min) 

(for hyper page mode cycle only), the cycle is a read-modify-write cycle and the DQ will c ontain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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M5M418165BJ,TP-6,-7r6S,-7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper page Mode Cycle 

(Read, Early Write, Read-WrIte, Read-Modify-Write Cycle, Read Write Mix Cycle, Hl-Z control by OE or W) (Note 25) 


Symbol 

Parameter 

Limits 

Unit 

M5M4181S5B-6,-6S 

M5M418165B-7,-7S 

Min 

Max 

Min 

Max 

tHPC 

Hyper page mode read/write cycle time 



30 


ns 

tHPRWC 

Hyper page mode read write/read modify write cycle time 

66 


79 


ns 

tOOH 


5 


5 


ns 

tRAS 

low pulse width for read write cycle (Note 26) 

77 

fl 

92 


ns 

tCP 

CAS high pulse width (Note 27) 

10 

18 

13 

18 

ns 

tCPRH 

RAS hold time after CAS precharge 

35 


40 


ns 

tCPWD 

Delay time, CAS precharge to W low (Note 24) 

52 


62 


ns 

tCHOL 

Hold time to maintain the data Hi-Z until CAS access 

7 


, 7 


ns 

tOEPE 


7 


7 


ns 

tWPE 


7 


7 


ns 

tHCWD 

Delay time, CAS low to W low after read 

32 


42 


ns 

tHAWD 

Delay time, address to W low after read 

62 


72 


ns 

tHPWD 

Delay time, CAS precharge to W low after read 

72 


82 


ns 

tHCOD 

Delay time, CAS low to OE high after read 

15 


20 


ns 

tHAOD 

Delay time, address to OE high after read 

30 


35 


ns 

tHPOD 

Delay time, CAS precharge to OE high after read 

35 


40 


ns 


Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26: tRAS(min) is specified as two cycles of CAS input are performed. 

27: tCP(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 28 ) 


Symbol 

Parameter 

Limits 

Unit 

M5M418165B-6,-6S 

M5M418165B-7,-7S 

Min 


Min 


tCSR 

CAS setup time before RAS low 

10 


10 


ns 

tCHR 


10 


15 


ns 


Note 28: Eight or more CAS before RAS cycles Instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 
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MITSUBISHI LSIs 


M5M418165BJ,TP-6,-7,-68,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Timing Diagrams (Note 29 ) 
Read Cycle 




LCAS/UCAS 


DQi~DQi6 
(INPUTS) ViL 


DQi~DQi6 Voh- 
(OUTPUTS) . 


tASR tRAH 

•-►I * -► 

ROW ^ 
^.ADDRESS 







COLUMN 

ADDRESS 



1 









^ tREZ 


tOHR 



ROW 

ADDRESS 


tDZO , , tOEA 


t Indicates the don't care input. 

VlH(min)^VlN^VIH(max) or VlL(min)^VlN^VlL(max) 

Indicates the invalid output. 
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M5M418165BJ,TP-6,-7,-68,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Byte Read Cycle 



(or UCAS) viL 


(or LCAS) 

ViL - 


VlH- 

Ao~A9 

VlL - 

W 

VlH- 


VlL - 

DQi~DQ 8 
(or DQ9 ~DQi6) 

(INPUTS) 

VIL- 

DQi~DQ8 

VOH 

(or DQ9 ~DQi6) 

(OUTPUTS) 

VOL 

DQ9~DQi6 

VIH- 

(or DQi~DQ8) 

(INPUTS) 

ViL- 

DQ9~DQ16 

VOH- 

(or DQi~DQ8) 

(OUTPUTS) 

VOL- 


mm 


CwIV' 








COLUMN 

ADDRESS 



S**t!**tSCt**%*****X*™ 







i*T!*%TAT«!l 












iikS 

IiiisaHH 

IoomI 
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M5M418165BJ,TP-6,-7r6Sr7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Early Write Cycle 



DQi~DQi6 

(INPUTS) 




DQi~DQi6Voh- Hi-Z 

(OUTPUTS) _- 


OE 
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M5M418165BJ,TP-6,-7,-68,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Byte Early Write Cycle 



DQi~DQ8 


VlH- 


(or DQ9 ~DQi6) 
(INPUTS) ViL - 



DQi~DQ8 VoH — 
(or DQ9 ~DQi6) 

(OUTPUTS) VOL- 


DQ9~DQi6 Yih _ 
(or DQi~DQ8) 
(INPUTS) ViL - 



DQ9~DQi 6 VOH- 
(or DQi~DQ 8) 
(OUTPUTS) VoL - 
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M5M418165BJ,TP-6,-7,-68,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 
















MITSUBISHI LSIS 


M5M418165BJ,TP-6,-7r6Sr7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Byte Delayed Write Cycle 


(or UCAS) ViL 
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M5M418165BJ,TP-6,-7,-68,-7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 
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M5M418165BJ,TP-6,-7,-68,-7S 

HYPER PAGE MODE 16777216-BIT (1048S76-WORD BY 16-BIT) DYNAMIC RAM 


Byte Read-Write, Read-Modify-Write Cycle 



(or UCAS) 

ViL • 

UCAS ■ 

(or LCAS) 

ViL ■ 


ViH- 

■5 

( 

o 

< 

ViL • 


ViH. 

W 

ViL • 

DQi~DQ8 

ViH 

(or DQ9 ~DQi6) 

(INPUTS) 

ViL 

DQi~DQ8 

VOH 

(or DQ9 ~DQi6) 

(OUTPUTS) 

VOL 

DQ9~DQ16 

ViH 

(or DQi~DQ8) 

(INPUTS) 

ViL 

DQ9~DQi6 

VOH 

(or DQi~DQ8) 
(OUTPUTS) VOL 








I 


ISII 




COLUMN 

ADDRESS 
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M5M418165BJ,TP-6r7,-6Sr7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 
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MITSUBISHI LSIs 

M5M418165BJ,TP-6,-7,-68,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 
Hyper Page Mode Byte Read Cycle 


tRAS 


RAS 


VlH- 


VlL - 


LCAS 


(or UCAS) ViL - 


UCAS 


(or LCAS) viL - 


Ao~A9 


W 


DQi~DQ 8 yiH _ 
(or DQ9 ~DQi 6) 
(INPUTS) ViL - 


DQi~DQ 8 _ 
(or DQ9 ~DQi6) 
(OUTPUTS) VOL- 


DQ9~DQie \/|H _ 
(or DQi~DQ8) 
(INPUTS) ViL - 


DQ9~DQi6 VoH - 
(or DQi~DQ8) 
(OUTPUTS) VoL - 


OE 



VlH- 
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M5M418165BJ,TP-6r7r6Sr7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Early Write Cycle 








(or UCAS) ViL 


(or LCAS) yiL _ 


DQi~DQ 8 yi^, 
(or DQ9 ~DQi 6) 
(INPUTS) ViL 


DQi~DQ 8 yQ,^ 
(or DQ9 ~DQi6) 
(OUTPUTS) VOL • 


DQ9~DQi6 vih 
(or DQi~DQ8) 
(INPUTS) ViL 



ROW 

ADDRESS 


tWCS tWCH 



DQ9~DQi 6 yQH. 
(or DQi~DQ8) 
(OUTPUTS) VoL ■ 
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M5M418165B J,TP-6r7r6Sr7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 
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M5M418165BJ,TP-6,-7,-6Sr7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 



4 - 298 


A 


MITSUBISHI 

ELECTRIC 


























MITSUBISHI LSIs 


M5M418165BJ,TP-6,-7,-68,-7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 
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M5M418165B J,TP-6,-7r6Sr7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 
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M5M418165BJ,TP-6,-7,-68,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle, Extended Refresh Cycle* 


RAS 


LCAS / UCAS 


Ao~A9 


W 


OE 



DQi~DQi 6 
(INPUTS) viL - 


DQi~DQi 6 
(OUTPUTS) voL - 


VlH- 
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MITSUBISHI LSIs 


M5M418165BJ,TP-6,-7,-68,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -6S/ -7S. The other characteristics and requirements than the below are same 
as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta=0 ~ 70*0. Vcc=5.0V ±10%, Vss=0V, unless othenwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

B9 

Max 

|CC8(AV) 

Average supply current 
from Vcc 

Extended refresh mode 

M5M418165B (S) 

RAS cycling CASg0.2V or 

CAS before RAS refresh cycling 
W^0.2V or ^Vcc-0.2V 

OE^0.2V or ^Vcc-0.2V 

Ao~A 9^0.2V or ^Vcc-0.2V 
tREF=128ms, output open 
tRAS=tRASmin~1 f^S 

1 

1 

500 

,/A 

ICC9 (AV) 

Average supply current 
from Vcc 

Self-refresh cycle 

M5M418165B (S) 

RAS=^^0.2V 

■ 

■ 

400 

aA 


TIMING REQUIREMENTS (Ta=0~70”C, Vcc=5.0V±10%, Vss=0V, unless othenwise noted, see notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M418165B-6S 

M5M418165B-7S 

Min 

Max 

Min 

Max 

tRASS 

Self refresh RAS low pulse width 

■E5I 


■m 


MS 

tRPS 

Self refresh RAS high precharge time 

110 


130 


ns 

tCHS 

Self refresh RAS hold time 

-50 


-50 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (1K) must be made within tNS / tsN before / after self refresh, on the condition of tNS^16.4ms and 
tsN^ 16.4ms. 


DISTRIBUTED REFRESH 
< 1K/16.4nns> 



1024 cycles 


tSN 


1024 cycles 


DISTRIBUTED REFRESH 
< 1K/16.4ms> 


(2) In case of burst refresh 

The last / first full refresh cycles (IK) must be made within tNS / tSN before / after self refresh, on the condition of tNS +tsN^16.4ms. 



BURST REFRESH 1024 cycles 1024 cycles BURST REFRESH 

<1K/16.4ms> < IK/16.4ms> 
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M5M416160CJ,TP-5,-6,-7, 

-5S,-6S,-7S 


-oo,-D^r*^ 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(min.ns) 

Power 

dissipa- 

tron 

(typ.mW) 

M5M416160CXX-5,-5S 

50 

13 

25 

13 

90 

540 

M5M4161SOCXX-6,-6S 

60 

15 

30 

15 

110 

430 

M5M416160CXX-7,-7S 

70 

20 

35 

20 

130 

385 


•Standard 42 pin SOJ, 50 pin TSOP 
•Single 5.0V ±10% supply 
•Low stand-by power dissipation 

5.5mW(Max) -..CMOS Input level 

•Low operating power dissipation 

M5M416160Cxx-5,-5S- 660.0mW (Max) 

M5M416160Cxx-6,-6S ---- . 525.0mW (Max) 

M5M416160Cxx-7,-7S ---470.0mW (Max) 

• Fast -page mode , Read-modify-write,RAS-only refresh 
CaS before RAS refresh, Hidden refresh capabilities 
•Earty-write mode and OE to control output buffer impedance 
All inputs, output TTL compatible and low capacitance 
•4096 refresh cycles every 64ms (Ao ~Aii) 

* ; Applicable to self refresh version (M5M416160CJ,TP-5S,-6S, 
-7S : option) only 


APPLICATION 

Main memory unit for computers, Microcomputer memory. 
Refresh memory for CRT 


PIN CONFIGURATION (TOP VIEW) 

VCC |T ^ Vss 

DQi |T 41] DQie 

DQa [T ^ DQis 

DQ3 [T ^ DQi 4 

DQ4 |T ig] DQi3 

VCC [T ^ Vss 

DQs (T ^ DQ12 

DQ6 (T ^ DQil 

DQ7 |T ^ ^ DQlO 

DQS [io g H DQ9 

NC QT 2 32] NC 

NC Qi g 3i] LCAS 

W El 0 13 UCAS 

Ms El D OE 

Al 1 El ^ A9 

AID Eg [ItI as 

Ao EZ ^ A7 

Al Ei 25] AS 

A2 El 111 As 

A3 (io ^ A4 

VCC [ii 22 ] vss 

Outline 42P0N-A (400mil SOJ) 

VCC |T vss 

DQi |T DQis 

DQ 2 [T ^ DQis 

DQ3 m B DQ14 

DQ4 [T ^ DQl3 

VCC [7 ^ Vss 

DQs (T 3 

DQs (T ^ DQ 11 

DQ7 [T ^ DQ 10 

DQs Ei 3 DQ9 

NC nr w ^ NC 


PIN DESCRIPTION 


Function 


Address inputs 


Data inputs / outputs 


Row address strobe Input 


Pin name 


Ao-Al 1 


DQi~DQi6 


RAS 


UCAS 



Upper byte control 
column address strobe input 


Lower byte control 
column address strobe input 


Write control input 


Output enable input 


Power supply (+5.0V) 


Ground (OV) 


NC Ei y 36] NC 
NC Ei ID LCAS 

W El 13 UCAS 

RAS Ei ^ OE 

All [19 ^ A9 

A 10 [20 3]] As 

AO [ii ^ A7 

Al [22 ^ As 

A2 [m ^ As 

A3 [21 IE A4 

VCC [is ^ Vss 

Outline 50P3G-F (400nnil TSOP Normal Bend) 


NC: NO CONNECTION 
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M5M416160CJ,TP-5,-6,-7r5S,-6S,-7S 


" FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION 

The M5M416160CJ, TP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, e.g.. 


fast page mode, RAS-only refresh, and delayed-write. The input 
conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Lower byte read 


Upper byte read 


Word read 


Lower byte write 


Upper byte write 


Word write 


Hidden refresh 


CAS before RAS refresh 


Stand-by 


Note : ACT: active, NAC : nonactive, DNC : don't care, VLD ; vaiid, iVD : invaiid, APD: applied, OPN : open 




Inputs 



1 Input/Output 


LCAS 

UCAS 

W 

OE 

DQ1-DQ8 

DQ9~DQ16 

ACT 

ACT 

NAC 

NAC 

ACT 

DOUT 

OPN 

ACT 

NAC 

ACT 

NAC 

ACT 

OPN 

DOUT 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

ACT 


NAC 

ACT 

NAC 

DIN 

DNC 

ACT 

NAC 

ACT 

ACT 

NAC 

DNC 

DIN 

ACT 

ACT 

ACT 

ACT 

NAC 

DIN 

DIN 

ACT 

NAC 

NAC 

DNC 

DNC 

OPN 

OPN 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

ACT 

ACT 

ACT 

DNC 

DNC 

OPN 

OPN 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

OPN 
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M5M416160CJ,TP-5r6r7r5Sr6Sr7S 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-1~7 

V 

Vi 

Input voltage 

-1~7 

V 

Vo 

Output voltage 

-1~7 

V 

1 0 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25‘’C 

1000 

mW 

Topr 

Operating temperature 


0~70 

'C 

Tstg 

Storage temperature 


-65 ~ 150 

“C 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70’C, unless otherwise noted) (Note i) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Norn 

Max 

Vcc 

Supply voltage 

4.5 

5.0 

5.5 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

VIH 

High-level input voltage, all inputs 

2.4 


6.0 

V 

VIL 

Low-level input voltage, all inputs 

-1 


0.8 

V 


Note 1 : All voltage values are with respect to VSS. 


ELECTRICAL CHARACTERISTICS (Ta=0~70’C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 




VOH 

High-level output voltage 

10H=-5mA 

mm 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=4.2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating 0 V^Vout^5.5V 

-10 


10 

A A 

li 

Input current 

OV^ ViN ^ 6V, Other inputs pins=0V 

-10 


10 

aA 

ICCI(AV) 

Average supply current 
from Vcc operating 

(Note 3,4,5) 

M5M416160C-5,-5S 

RAS, CAS cycling 
tHC=twc=min. 
output open 



120 

mA 

M5M416160C-6,-6S 



95 

M5M416160C-7,-7S 



85 

|CC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

RAS= ^Vcc -0.2V 

output open 



1 



0.3* 

|CC3(AV) 

Average supply current 
from Vcc refreshing 

(Note 3,5) 

M5M416160C-5,-5S 

RAS cycling, CAS=Vih 

tRC=min. 

output open 



120 

mA 

M5M416160C-6,-6S 



95 

M5M416160C-7,-7S 



85 

|CC4(AV) 

Average supply current 
from Vcc 

Fast-page-mode 

(Note 3,4,5) 

M5M416160C-5,-5S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



80 

mA 

M5M416160C-6,-6S 



70 

M5M416160C-7,-7S 



65 

|CC6(AV) 

Average supply current 

from Vcc :_ 

CAS before RAS refresh 

(Note 3) 

M5M416160C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



120 

mA 

M5M416160C-6,-6S 



95 

M5M416160C-7,-7S 



85 

|CC8(AV) * 

■ 

Average supply current 
from Vcc 

Extended-refresh cycle 

(Note 6) 

M5M416160C(S) 

Stand-by: 

RAS^VCC-0.2V 

CASSVCC-0.2V or CASS0.2V 

CAS before RAS refresh: 

RAScyding CASg0.2V or 

CAS before RAS refresh cycling 

W^0.2V or ^VCC-0.2V 

OEg0.2V or ^VCC-0.2V 

A 0 ~A 11 g0.2V or ^VCC-0.2V 

DQ=op9n. tRC=125 ^l s, 
tRAS=tRASmin — 1 /iS 



600 

aA 

ICC9(AV) * 

Average supply current 
from VCC 

Self-refresh cycle 

M5M416160C (S) 

^=C^^0.2V 

■ 

■ 

400 

aA 


Note 2: Current flowing into an 1C is positive, out is negative. 

3: ICC1 (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Meiximum current is measured at the fastest cycle rate. 
4: Icci (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

5: Column Address can be changed once or less while RAS=VlL and LCAS/UCAS=VIH . 
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M5M416160CJJP-5,-6,-7,-5Sr6S,-7S 

FAST PAGE MODE 16777216'BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~70'C, Vcc=5.0V±10%, Vss=0V, unless othenwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

f=1MHz 

Vi=25mVrms 



5 

PF 

Cl(OE) 

Input capacitance, OE input 



7 

pF 

Ci('^ 

Input capacitance, write control input 



7 

pF 

Cl(R^) 

Input capacitance, RAS input 



7 

pF 


Input capacitance, CAS input 



7 

pF 

1 Ci/o 

Input/Output capacitance, data ports 



7 

PP 


SWITCHING CHARACTERISTICS (Ta=0~70”C, Vcc=5.0V±10%, Vss=0V, unless othenAfise noted, see notes 6,13,14) 





Limits 


Symbol 

Parameter 


M5M416160C-5,-5S 

M5M4161$0C-6,-6S 

M5M416160C-7,-7S 

Unit 




mmm 

■m 


Min 

HIS 


tCAC 

Access time from CAS 

(Note 7,8) 


13 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note 7,9) 




— 


70 

ns 

tAA 

Columu address access time 

(Note 7,10) 


25 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


30 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 7) 


13 


15 


20 

ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 12) 

0 

13 

0 

15 

0 

15 

ns 

tOEZ 

Output disable time after OE" high 

(Note 12) 

0 

■Efll 

0 

■n 

0 

mm 

ns 


Note 6; An initial pause of 500 tis is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock such as RAS-Only refresh). __ 

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/dAS cycles are required after prolonged periods (greater than 64ms) 
of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(IOH=-5mA) / VOL=0.4V(IOL=4.2mA) load tOOpF. 

The reference levels for measuring of output signal are 2.4V(VOH) and 0.4V(VOL). 

8: Assumes that tRCD ^ tRCD(max) and tASC ^ tASC(max). 

9; Assumes that tRCD ^ tRCD(max) and tRAD ^tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown In this table, tRAC 
will Increase by amount that tRCD exceeds the value shown. 

10; Assumes that tRAD ^ tRAD(max) and tASC ^ tASC(max). 

11; Assumes that tCP ^ tCP(max) and tASC ^ tASC(max). 

12: tOFF(max) and tOEZ(max) defines the time at which the output achieves the high impedance state (loUT ^ | ±10 pA |) and Is not reference to VOH(min) 
or VOL(max). 
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M5M416160CJ,TP-5,-6,-7,-58,-6Sr7S 

** ’ FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Fast-Page Mode Cycles) 

(Ta=0~70°C, Vcc=5.0V±10%, Vss=0V, unless otherwise noted, see notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M416160C-5,-5S 

M5M416160C-6,-6S 

M5M416160C-7,-7S 

Min 


Min 

12^9 

Min 

Max 

tREF 

Refresh cycle time 


64 


64 


64 

ms 

tREF* 

Refresh cycle time 


■k!il 


mm 


mm 

ms 

tRP 

RAS high puise width 

30 


40 


50 


ns 

tRCD 

Deiay time, RAS iow to CAS iow (Note 15) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS iow 

10 


10 


10 


ns 

tRPC 

Deiay time, RAS high to CAS iow 

0 


0 


0 


ns 

tCPN 

CAS high puise width 

10 


10 


10 


ns 

tRAD 

Column address delay time from RAS low (Note 16) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS iow 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS iow (Note 17) 

0 

10 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS iow 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

13 


15 


15 


ns 

tDZC 

Delay time, data to CAS low (Note 18) 

0 


0 


0 


ns 

tDZO 


0 


0 


0 


ns 

tCDD 

Delay time, CAS high to data (Note 19) 

13 


15 


15 


ns 

tODD 


13 


15 


15 


ns 

tT 

Transition time (Note 20) 

1 

50 

1 

.liiE3i 

1 

50 

ns 


Note 13; The timing requirements are assumed tT =5ns. 

14: VlH(min) and VlL(max) are reference levels for measuring timing of input signals. 

15; tRCD(max) is specified as a reference point only. If tRCO is less than tRCDfmax), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tAA. tRCD(min) Is specified as tRCD(min) =tRAH(niin) +2tT+tASC(min). 

16; tRAD(max) is specified as a reference poirit only. If tRAO ^tRAO(max) and tASC ^tASC(max), access time is controlled exclusively by tAA. 

17: tASC(max) is specified as a reference point only. If tRCD ^tRCD(max) and tASC ^tASC(max), access time is controlled exclusively by tCAC 
18; Either tDZC or tozo must be satisfied. 

19: Either tCDD or tODD must be satisfied. 

20: tr is measured between VlH(min) and VlL(max). 


not a 

■ this 'S 


Read and Refresh Cycles 


Symboi 

Parameter 

Limits 

Unit 

M5M416160C-5,-5S 

M5M416160C-$,-6S 

M5M416160C-7,-7S 

Min 

12191 

Min 


Min 


tRC 

Read cycie time 

90 


110 


130 


ns 

tRAS 

RAS iow pulse width 

50 


60 


70 


ns 

tCAS 

CAS iow puise width 

13 


15 


20 


ns 

tCSH 

CAS hoid time after RAS iow 

50 


60 


70 


ns 

tRSH 

RAS hold time after CAS iow 

13 


15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tRCH 

Read hold time after CAS high (Note 21) 

0 


0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 21) 

10 


10 


10 


ns 

tRAL 

Column address to RAS hold time 

25 


30 


35 


ns 

tOCH 

CAS hold time after OE low 

13 


15 


20 


ns 

tORH 


13 


15 


20 


ns 


Note 21: Either tRCH ortRRH must be satisfied for a read cycle. 
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Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 1 

Unit 

M5M416160C-5,-5S | 

M5M416160C-«,-6S | 

M5M416160C-7,-7S | 

Min 

Max 

Min 


Min 1 


two 

Write cycle time 

90 


110 


Bclil 


ns 

tRAS 

RAS low pulse width 

50 

■nimin 

60 


70 

in!i!i!ai 

ns 

tCAS 

CAS tow pulse width 

13 


15 

KliMiM 

20 


ns 

tCSH 

CAS hold time after RAS low 

50 


60 


70 


ns 

tRSH 


13 


15 


20 


ns 

twcs 

1 Write setup time before CAS low (Note 23) 

0 


0 


0 


ns 

tWCH 


8 


10 


15 


ns 

tCWL 

1 CAS hold time after W low 

13 


15 


20 


ns 

IRWL 


13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


15 


ns 

tDS 

Data setup time before CAS low or Viriow 

0 


0 


0 


ns 

tDH 

R111 11 : 11 r t] 

10 


15 


15 


lis 

tOEH 

1 OE hold time after W low 

13 


■a 


20 


ns 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 1 

Unit 

1 M5M416160C-5,-5S { 

M5M416160C-6,-6S | 

M5M416160C-7,-7S | 

Min 


Min 

mam 

Min 

Max 

tRWC 

Read write/read modify write cycle time (Note 22) 

131 

rzn 

155 

run 

180 


ns 

tRAS 

RAS low pulse width 

91 


105 


120 


ns 

tCAS 

CAS low pulse width 

54 


60 

1N!»W»M 

70 


ns 

tCSH 


91 


mm 




ns 

tRSH 


54 


60 


70 


ns 

tRCS 

Read setup time before CAS low 



0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 23) 

36 


40 


45 


ns 

tRWP 

Delay time, RAS low to W low (Note 23) 

73 


85 


95 


ns 

tAWD 

Delay time, address to W low (Note 23) 

48 


55 


60 


ns 

tCWL 


13 


15 


20 


ns 

tRWL 


13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


10 


ns 

tos 

Data setup time before W low 

0 


0 




ns 

tDH 

Data hold time after W low 

10 


10 


15 


ns 

tOEH 

OE hold time after W low 

13 


15 


15 


ns 


Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+5tr. 

23: tWCS, tCWD, tRWD and tAWD and, tCPWD are specified as reference points only. If tWCS^tWCS(min)the cycle is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tcWDitCVVD(min), tRWD^tRWD(min), tAWDfetAWD(min) and tCPWDS tCPWD(min) 

(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ w ill con tain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 


Fast-Page Mode Cycle (Read, Early Write, Read-WrIte, Read-Modify-Write Cycle) (Note 24) 





1 Limits 


Symbol 

Parameter 


1 M5M416160C-5,-5S | 

1 M5M416160C-6,-6S 

1 M5M416160C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tPC 

Fast page mode readAvrite cycle time 

35 


40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

76 


85 


95 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note 25) 

85 


■SB 


115 

■Kwntm 

ns 

tCP 

CAS high pulse width 

(Note 26) 

8 

12 

10 

15 

10 

15 

ns 

tCPRH 

1 RAS hold time after CAS precharge 

30 


35 


40 


ns 

tCPWD 

1 Delay time, CAS precharge to W low 

(Note 23) 1 

53 




65 


ns 


Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
25: tRAS(min) is specified as two cycles of CAS input are performed. 

26: tCP(max) is specified as a reference point only. 
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M5IVI416160CJ,TP-5,-6r7r5S,-6S,-7S 




FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle (Note 27) 


Symbol 

Parameter 

Limits 

Unit 

M5M416160C-5,-5S 

M5M416160C-6,-6S 

M5M416160C-7,-7S 

Min 


Min 

Max 

Min 


tCSR 


10 


10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 




15 


ns 


Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/ -6S/ -7S. The other characteristics and requirements than the below are 
same as normal devices. 


TIMING REQUIREMENTS {Ta=0~70’C, Vcc=5.0V±10%, Vss=OV, unless othenwise noted, see notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M416160C-5S 

M5M416160C-6S 

M5M416160C-7S 

Min 




Min 


tRASS 

Self refresh RAS low pulse width 

100 




MESm 


AS 

tRPS 

Self refresh RAS high precharge time 

90 


110 


130 


ns 

tCHS 

Self refresh RAS hold time 

— 


-50 




ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (4K) must be made within tNS / tsN before / after self refresh, on the condition of tNS^64ms and 
tsN^64ms. 



DISTRIBUTED REFRESH 
< 4K/64ms > 



DISTRIBUTED REFRESH 
< 4K/64ms > 


(2) In case of burst refresh 

The last / first full refresh cycles (4K) must be made within tNS / tSN before / after self refresh, on the condition of tNS +tSN ^64ms. 



BURST REFRESH BURST REFRESH 

' <4K/64ms> <4K/64ms> 
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Upper / (Lower) Byte Write Cycle (Early write) 


RAS 


UCAS 

(orLC^) 


LCAS 
(or UCAS) 


Ao~Aii 





DQi-DQs 
(or DQ9-DQ16) 

VOH- 
OUTPUTS 
- VOL - 


Hi-Z 
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Write Cycle (Delayed write) 
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OUTPUTS 
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I VOH- 

OUTPUTS 


ROW 

ADDRESS 



^11 

I 

I 

m 
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"""""" FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper / (Lower) CAS before RAS Refresh Cycle, Extended Refresh Cycle 


s 


(or LCAS) 


(or UCAS) ViL 




DQi-DQs 
(or DQ9-DQ16) 


OUTPUTS 


l^*t*t*t* ** t * t*t * t* t*t *t*S*t^^^i^M*t*t*t*t*t*t*t*t*t*t*^^ 





DQ9-DQ16 
(or DQi-DQe)^ 
I OUTPUTS 




fVVVVVVvvVV'SwW 




.wfSmfaiSvmmKmKKlmmmmlvw 

iS!SiS!UW!U!tfVSiS!SiSW!UU!U!U!UU!SiSNiSW!SiS!SiS!4ikWW!VSik!U!U!4K4i^^ 














MITSUBISHt LSIS 




M5M416160CJ,TP-5,-6,-7,-5Sr6S,-7S 


* . not a uUt to 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 



4-326 


A 


MITSUBISHI 

ELECTRIC 
















MITSUBISHI LSIs 


r«i M5M416160CJ,TP-5r6r7r5Sr6S,-7S 

" FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 



(or UCAS) ViL - 


DQi-DQs 
(or DQ9-DQ16) 

VOH- 

OUTPUTS 

VOL ■ 


DQ9-DQ16 
(or DQi-DQa) 
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OUTPUTS 

_ VOL ■ 



Note 29: Early write, delayed write, read write or read modify write cycle Is applicable Instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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Fast Page Mode Write Cycle (Early Write) 


RAS 


ViH-- 


VlL- 


tCRP 


_^ ViH - 

UCAS/LCAS 
VIL - 


Ao~Aii 




tASRj I^AH 


tRAS 


tCSH 


■ 



■ 


IHl 


ROW 

ADDRESS 


, Use , 

H-H 


tPC 


top , tCAS 


tCAH 


COLUMN 

ADDRESS-1 


W 


ViH -< 
viL -i 


Use 


teAH 


COLUMN 

ADDRESS-2 


DQ 1 -DQ 16 


VOH- 
OUTPUTS ■ 
- VOL - 


Hi-Z 


tep 


Use 


tRP 


tRSH 7 ^ 

-tRPC I ^ 

I* -- H teRP 


teAS 


teAH 


COLUMN 

ADDRESS-3 


USR 


ROW 

ADDRESS 
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M5M416160CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Upper / (Lower) Byte Write Cycle (Delayed Write) 



INP 


VlH- 
INPUTS 

DQi-DQa'^'^" 
(or DQ9-DQ16) 
VOH- 
OUTPUTS ■ 
_ VOL - 



Hi-Z 
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M5M416160CJJP-5,-6r7,-5S,-6S,-7S 


fjotice. s lit(5'W a>« 

s"’ “' FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Read-Upper / (Lower) Write, Read-Modify-Upper / (Lower) Write Cycie 


RAS 


VIH - 
VIL - 


UCAS ViH - 
(orLCAS)^^^_ 


LCAS _ViH- 

(or UCAS) 

ViL - 


Ao~Ai 1 


VlH- 


VlL- 


W 


VlH- 
VlL - 


INF 


VlH- 
INPUTS 

DQi-DQs''"-" 
(or DQ9-DQ16) 

I VOH- 

OUTPUTS 
I- VOL- 
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‘ FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Self Refresh Cycle* 


tRPC 

-» 

I tCPN ^ , tCSR ^ 


tRPC , ICRP 

4 -> 4 -^ 

tCHS —^ 


ucas/lcas 


ROW 

ADDRESS 
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M5M416160CJ,TP-5,-6r7r5Sr6S,-7S 




" FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper / (Lower) Self Refresh Cycle* 


s 


or LCAS 


S 


(or UCAS) 


DQ1-DQ16 

OUTPUT 


_ W i 

s 

w&ivrvivri 

I 
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M5M418160C J,TP-5,-6,-7, 

-5S,-6S,-7S 


-5S,-6S,-7S 

" FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideai 
for iarge-capacity memory systems where high speed, iow power 
dissipation, and iow costs are essentiai. 

The use of doubie-iayer metai process combined with twin-weli 
CMOS technoiogy and a singie-transistor dynamic storage stacked 
capacitor ceii provide high circuit density at reduced costs. 
Multipiexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 


PIN CONFIGURATION (TOP VIEW) 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(min.ns) 

Power 

dissipa- 

(typ?mW) 

M5M418160CXX-5,-5S 

50 

13 

25 

13 

90 

810 

M5M418160CXX-6,-6S 

60 

15 

30 

15 

110 

675 

M5M418160CXX-7,-7S 

70 

20 

35 

20 

130 

585 


•Standard 42 pin SOJ, 50 pin TSOP 
•Singie 5.0V ±10% supply 
•Low stand-by power dissipation 

5.5mW(Max) ..CMOS Input level 

•Low operating power dissipation 

M5M418160Cxx-5,-5S.—-.990.0mW (Max) 

M5M418160Cxx-6,-6S -- 825.0mW (Max) 

M5M418160Cxx-7,-7S —. . .715.0mW (Max) 

•Fast-page mode , Read-modify-write,RAS-only refresh 
CAS before RAS refresh. Hidden refresh capabilities 
•Early-write mode and OF to control output buffer Impedance 
All inputs, output TTL compatible and low capacitance 
•1024 refresh cycles every 16.4ms (Ao-Ag) 

♦ : Applicable to self refresh version (M5M418160CJ,TP-5S,-6S, 
-7S; option) only 


APPLICATION 

Main memory unit for computers. Microcomputer memory. 
Refresh memory for CRT 


vcc 

E 

-<37- 

D 

Vss 

DQl 

E 


43 

DQI 6 

DQ2 

E 



DQ15 

DQ3 

E 


39] 

DQ14 

DQ4 

E 


ii] 

DQ13 

vcc 

E 


m 

Vss 

DOS 

E 


i! 

DQ 12 

DQ6 

E 


H 

DQ 11 

DQ7 

E 

3 

Ul 

il 

DQ 10 

DQ8 

Qo 

3 


DQ9 

NC 

E 

c» 

1 

NC 

NC 

E 

o> 

0 


LCAS 

W 


2 


UCAS 



Outline 42P0N-A (400mil SOJ) 


^ vss 
^ DQ16 
^ DQ15 
^ DQ14 
^ DQ13 
45 I Vss 
44I DQ 12 
43] DQ 11 
^ DQ 10 
^ DQg 
^ NC 


PIN DESCRIPTION 


Pin name 


Ao-Ag 


DQ 1 -DQ 16 


RAS 


UCAS 


Function 


Address inputs 


Data inputs/outputs 


Row address strobe input 


Upper byte control 



column address strobe input 


Lower byte control 
column address strobe input 


Write control input 


Output enable input 


Power supply (+5.0V) 


Ground (OV) 


^ NC 
H LCAS 
13 UCAS 

m ^ 

32 ) Ag 
13 As 
^ A7 
^ AS 
^ A5 
27 ] A4 
2^ VSS 


Outline 50P3G-F (400mil TSOP Normal Bend) 


NC : NO CONNECTION 
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M5M418160C J,TP-5,-6,-7,-5S,-6S,-7S 




FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION 

The M5M418160CJ, TP provide, in addition to normai read, write, fast page mode, RAS-only refresh, and delayed-write. The input 

and read-modify-write operations, a number of other functions, e.g., conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 





Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : vaiid, IVD ; invalid, APD : applied, OPN : open 
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M5M418160CJ,TP-5r6,-7r5S,-6Sr7S 


. M a Sioa' chaope 

, "fWis , -tti nfH 

Hot'ce- 

^FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-1~7 

V 

Vi 

Input voltage 

-1~7 

V 

Vo 

Output voltage 

-1~7 

V 

1 0 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25*C 

1000 

mW 

Topr 

Operating temperature 


0~70 

•c 

Tstg 

Storage temperature 


-65~150 

•c 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70’C, unless otherwise noted) (Note 1) 

Symbol 

Parameter 

Limits I 

Unit 


I Min { 

Norn 

Max 

Vcc 

Supply voltage 

■Oi 

5.0 

5.5 

V 

Vss 

Supply voltage 

I 0 I 

0 

0 

V 

VIH 

High-level input voltage, all inputs 

wsm 


6.0 

V 

VIL 

Low-level input voltage, all inputs 



■tt-l 

V 


Note 1; All voltage values are with respect to VSS. 


ELECTRICAL CHARACTERISTICS (Ta=0~70”C, Vcc=5.0V±10%. Vss=0V, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 




VOH 

High-level output voltage 

IOH=-5mA 

mm 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=4.2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating 0 V^Vout^5.5V 

-10 


mm 

fi/K 

h 

Input current 

OV^ ViN ^ 6 V, Other inputs pins=0V 

-10 


10 

aA 

ICCI(AV) 

Average supply current 
from Vcc operating 

(Note 3,4,5) 

M5M418160C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



180 

mA 

M5M418160C-6,-6S 



150 

M5M418160C-7,-7S 



130 

|CC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

CAS ^Vcc -0.2V 
output open 



1 



0.3* 

ICC3(AV) 

Average supply current 
from Vcc refreshing 

(Note 3,5) 

M5M418160C-5,-5S 

RAS cycling, CAS=Vih 

tRC=min. 

output open 



180 

mA 

M5M418160C-6,-6S 



150 

M5M418160C-7,-7S 



130 

|CC4(AV) 

Average supply current 
from Vcc 

Fast-page-mode 

(Note 3,4,5) 

M5M418160C-5,-5S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



80 

mA 

MSM418160C-6,-6S 



70 

M5M418160C-7,-7S 



65 

ICC6(AV) 

Average supply current 

from Vcc _ 

CaS before RAS refresh 

(Note 3) 

M5M418160C-5,-SS 

CAS before RAS refresh cycling 

tRC=min. 

output open 



180 

mA 

M5M418160C-6,-6S 



150 

M5M418160C-7,-7S 



130 

|CC8(AV) * 

Average supply current 
from Vcc 

Extended-refresh cycle 

(Note 6) 

M5M418160C (S) 

stand-by: 

RASaVcc-0.2V 

CASfeVcc-0.2V or CASS0.2V 

CAS before RAS refresh: 

RAS cycling CAS^0.2V or 

CAS before RAS refresh cycling 

W^0.2Vor £VCC-0.2V 

OE^0.2V or ^VCC-0.2V 

A0~A9^O.2V or ^VCC4).2V 

DQ=open, tHC=1 25 s, 
tRAS=tHASmin.~1 ftS 



500 

aA 

|CC9(AV) * 

Average supply current 
from Vcc 

Self-refresh cycle 

M5M418160C (S) 

R^=C^^0.ZW 

■ 

■ 

400 



Note 2; Current flowing Into an 1C Is positive, out Is negative. 

3: ICC1 (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCI (AV) and ICC4 (AV) are dependent on output loading. Specified values are o btained with the output open. 

5: Column Address can be changed once or less while RAS=VIL and LCASAJCAS=VIH . 
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M5M418160CJ,TP-5,-6,-7,-5S,-6S,-7S 


j rma» spec”*;. chatHS®- 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~70'’C, Vcc=5.0V±10%, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, address inputs 

\/i=Vss 

f=1MHz 

Vi=25mVrms 



5 

PF 

Cl(OE) 

Input capacitance, OE input 



7 

PF 

CI(W) 

Input capacitance, write control input 



7 

pF 

Cl (RAS) 

Input capacitance, RAS input 



7 

pF 


Input capacitance, CAS input 



7 

pF 

1 Ci/o 

Input/Output capacitance, data ports 



7 

pF 


SWITCHING CHARACTERISTICS (Ta=0~70 ’C, Vcc=5.0V±10%, Vss=0V, unless othenvise noted,see notes 6,13,14) 





Limits 


Symbol 

Parameter 


M5M418160C-5,-5S 

M5M41816dC-6,-6S 

M5M418160C-7,-7S 

Unit 



Min 


Min 

12^91 

Min 

Max 


tCAC 

Access time from CAS 

(Note 7,8) 


13 


15 


20 

ns 

tRAC 


(Note 7,9) 


50 


60 


70 

ns 

tAA 

Columu address access time 

(Note 7,10) 


25 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


30 


35 


40 

ns 

tOEA 


(Note 7) 


13 


15 


20 

ns 

tCLZ 

Output low impedance time from CAS iow 

(Note 7) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 12) 

0 

13 

0 

15 

0 

15 

ns 

tOEZ 

Output disable time after OE high 

(Note 12) 

0 

13 

0 

15 

0 

■OH 

ns 


Note 6: An Initial pause of 500 ps is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 


clock suc h as RAS-Only refresh). 

No te th e RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 16.4ms) 
of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(IOH=-5mA) / VOl^0.4V(lOL=4.2mA) load tOOpF. 

The reference levels for measuring of output signal are 2.4V(VOH) and 0.4V(VOL). 

8: Assumes that tRCD ^ tRCD(max) and tASC atASC(max). 

9; Assumes that tRCD ^ tRCD(max) and tRAD gtRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD ^ tRAD(max) and tASC ^ tASC(max). 

11: Assumes that tCP ^ tCP(max) and tASC ^ tASC(max). 

12: tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (lOUT s | +10 pA 1) and is not reference to VOH(min) 
or VOL(max). 
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M5M418160CJ,TP-5,-6r7r5S,-6S,-7S 


.afina'spec’ ,, to change. 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Fast-Page Mode Cycles) 

(Ta=0~70'C, Vcc=5.0V±10%, Vss=0V, unless othenwise noted, see notes 13,14) 





Limits 


Symbol 

Parameter 


M5M418160C-5,-5S 

M5M418160C-6,-6S 

M5M418160C-7,-7S 

Unit 




Min 


Min 


MM 



tREF 

Refresh cycle time 


16.4 


16.4 


16-4 

ms 

tREF* 

Refresh cycle time 






US 

ms 

tRP 

RAS high pulse width 

30 


40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 15) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


10 


ns 

tRPC 


0 


0 


0 


ns 

tCPN 

CAS high puise width 

10 


10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 16) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 17) 

0 

10 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

13 


15 


15 


ns 

tDZC 

Delay time, data to CAS low 

(Note 18) 

0 




0 


ns 

tDZO 

Delay time, data to OE low 

(Note 18) 

0 


0 


0 


ns 

tCDD 

Delay time, CAS high to data 

(Note 19) 

13 


15 


15 


ns 

tODD 

Delay time, OE high to data 

(Note 19) 

13 


15 


15 


ns 

tT 

Transition time 

(Note 20) 

1 

IME5B 

1 

'■EM 



ns 


Note 13: The timing requirements are assumed tT =5ns. 

14: ViH(min) and ViL(max) are reference ieveis for measuring timing of input signals. 

15; tRCD(max) is specified as a reference point only. If tRCD is less than tRCOfmax), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tAA. tRCD(niin) is specified as tRCD(min) =tRAH(min) +2tT+tASC(min). 

16: tRAD(max) is specified as a reference point only. If tRAD stRAD(max) and tASC StASCfmax), access time Is controlled exclusively by tAA. 

17: tASC(max) is specified as a reference point only. If tRCD ^tRCD(max) and tASC ^tASC(max), access time Is controlled exclusively by tCAC 
18: Either tDZC or tDZO must be satisfied. 

19: Either tCDD or tODD must be satisfied. 

20: tr is measured between VlH(min) and VIL(max). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M418160C-5,-5S 

M5M418160C-6,-6S 

M5M418160C-7,-7S 

Min 

Max 

Min 


Min 


tRC 

Read cycle time 

90 


110 


130 


ns 

tRAS 

RAS low pulse width 

50 


60 


70 


ns 

tCAS 

CaS low pulse width 

13 


15 


20 


ns 

tCSH 

CAS hold time after RAS low 

50 


60 


70 


ns 

tRSH 

RAS hold time after CAS low 

13 


15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tRCH 

Read hold time after CAS high (Note 21) 

0 


0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 21) 

10 


10 


10 


ns 

tRAL 

Column address to RAS hold time 

25 


30 


35 


ns 

tOCH 

CAS hold time after OE low 

13 


15 


20 


ns 

tORH 

RAS hold time after OE low 

13 


15 


20 


ns 


Note 21: Either tRCH or tRRH must be satisfied for a read cycle. 
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M5M418160CJ,TP-5,-6r7r5S,-6S,-7S 


Holic-e- 

s “'' FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M418160C-5,-5S 

M5M418160C-6,-6S 

M5M418160C-7,-7S 

Min 

Max 

Min 

Max 

Min 


two 

Write cycle time 

90 


110 

_ 

130 


ns 

tRAS 

RAS low pulse width 

50 


60 

BI»!i!»M 

70 


ns 

tCAS 


13 


15 

IMiVil 

20 

■tmnna 

ns 

tCSH 


50 


60 


70 


ns 

tRSH 

RAS hold time after CAS low 

13 


15 


20 


ns 

twcs 

Write setup time before CaS low (Note 23) 

0 


0 


0 


ns 

tWCH 


8 


10 


15 


ns 

tCWL 

CAS hold time after Wlow 

13 


15 


20 


ns 

tRWL 

RAS hold time after Wlow 

13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


15 


ns 

tos 

Data setup time before CaS low or Wlow 

0 


0 


0 


ns 

tDH 

1 bM £1 if»! M 11 11 [tv:i 1 

10 


15 


15 


ns 

tOEH 

OE hold time after W low 

13 


15 


■KIM 


ns 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M418160C-5,-5S 

M5M418160C-6,-6S 

M5M418160C-7,-7S 

Min 


Min 

Max 

Min 


tRWC 

Read write/read modify write cycle time (Note22) 

131 


155 


180 


ns 

tRAS 

■ Mil 1 I'llII INI———— 

91 


105 


120 

KTTiTWl 

ns 

tCAS 

CAS low pulse width 

54 

KBTffiM 

60 

IfWWil 

70 

■nuimi 

ns 

tCSH 


91 


105 




ns 

tRSH 


54 


60 


70 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 23) 

36 


40 


45 


ns 

tRWD 

Delay time, RAS low to W low (Note 23) 

73 


85 


95 


ns 

tAWD 

Delay time, address to W low (Note 23) 

48 


55 


60 


ns 

tCWL 


13 


15 


20 


ns 

tRWL 


13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


10 


ns 

tDS 

Data setup time before W low 

0 


0 


0 


ns 

tDH 

Data hold time after W low 

10 


10 


15 


ns 

tOEH 


mm 


15 


15 


ns 


Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+5tr. 

23: twcs, tcWD, tRWD and tAWD and, tCPWD are specified as reference points only. If twcsstwcs(min) the cycle is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tcwo^tcWDfmin), tRWD&tRWDfmin), tAWD^tAWD(min) and tCPWDl; tCPWD(min) 

(for fast page mode cycle only), the cycle is a read-modify-write cycle ar^d the DQ wi ll con tain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 


Fast-Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 





Limits 


Symbol 

Parameter 


M5M418160C-5,-5S 

M5M418160C-6,-6S 

M5M418160C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

IBM 


tPC 

Fast page mode read/write cycle time 

35 


40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

76 


85 


95 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note 25) 

85 

IBS 

100 

IHSl 

115 

■Kw»nm 

ns 

tCP 

CAS high pulse width 

(Note 26) 

8 

12 

10 

15 

10 

15 

ns 

tCPRH 

RAS hoid time after CaS precharge 

30 


35 


40 


ns 

tCPWD 

Delay time, CAS precharge to W low 

(Note 23) 

53 


60 


65 


ns 


Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
25: tRAS(min) is specified as two cycles of CAS input are performed. 

26: tCP(max) is specified as a reference point only. 
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M5M418160CJ,TP-5,-6,-7,-5S,-6S,-7S 




This is ® " ,te subject to ' 


Some 


FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle (Note 27) 


Symboi 

Parameter 

Limits 

Unit 

M5M418160C-5,-5S 

M5M418160C-6,-6S 

M5M418160C-7,-7S 

Min 


MM 


Min 


tCSR 

CAS setup time before RAS iow 

10 


10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 




15 


ns 


Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/ -6S/ -7S. The other characteristics and requirements than the beiow are 
same as normai devices. 


TIMING REQUIREMENTS (Ta=0~70'’C, Vcc=5.0V±10%, Vss=0V, uniess otherwise noted, see notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M418160C-5S 

M5M418160C-6S 

M5M418160C-7S 

Min 

Kmi 

■m 

KE9i 

Min 


tRASS 

Self refresh RAS low pulse width 

■ESI 


■EH 


100 


jxs 

tRPS 

Self refresh RAS high precharge time 

90 


110 


130 


ns 

tCHS 

Seif refresh RAS hoid time 



— 




ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first fuli refresh cycies (1K) must be made within tNS / tSN before / after seif refresh, on the condition of tNS^I 6.4ms and 
tSN^ 16.4ms. 



DISTRIBUTED REFRESH DISTRIBUTED REFRESH 

<1K/16.4ms> <1K/16.4ms> 


(2) In case of burst refresh 

The last / first fuii refresh cycies (1K) must be made within tNS / tSN before / after self refresh, on the condition of tNS +tSN ^ 16.4ms. 



BURST REFRESH BURST REFRESH 

<1K/16.4ms> <1K/16.4ms> 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Timing Diagrams (Note 28) 
Read Cycle 



LCAS / UCAS 











1 ij 

1 tRAL 



COLUMN 

ADDRESS 


L^iRaRiAinaRanina 





T^ ^ V4hWV»l 

mM4Miy 









DQ 1 -DQ 16 


Vc 

OUTPUTS 




tCAC 




tAA 




^ tCLZ 


Hi-Z 











Note 28 VySi^^ 

Indicates the doni care input. 

iB8888 

VlH(min.) ^ VIN ^ ViH(max) or VlL(min.) S VIN S ViL(max) 


Indicates the 

v///^ 

invalid output. 


Indicates the skew of the two inputs. 



A 


MITSUBISHI 

ELECTRIC 


4 - 345 



















MITSUBISHI LSIs 


M5M418160CJ,TP-5r6r7r5Sr6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Notice-. 
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M5M418160CJ,TP-5,-6,-7r5S,-6S,-7S 


FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle (Early write) 


RAS 


VlH- 
VlL - 


VlH- 


UCAS/ LCAS 

ViL - 


Ao~A 9 


VlH- 
VlL - 


twc 
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Upper / (Lower) Byte Write Cycle (Early write) 


(or LCAS) ViL 


(or UCAS) viL - 



DQi-DQs 
(or DQ9-DQ16) 

VOH. 

OUTPUTS 

_ VOL 


DQ9-DQ16 
(or DQi-DQs) 

VOH- 

OUTPUTS 
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" FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle (Delayed write) 
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• not a 

s FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper /(Lower) CAS before RAS Refresh Cycle, Extended Refresh Cycle* 



s 


(or LCAS) 


(or UCAS) ViL 













RAVA^^nihWAVAVAVW^A^AVAVAWAVAVAVAVAVAVAVAV 


DQi-DQs 
(or DQ9-DQ16) 
\ 

OUTPUTS 

\ 


DQ9-DQ16 
(or DQi-DQa) 

I > 

OUTPUTS 





wiCvS'S'^ 

Id 


K»>I4£«>T4kT« 

>tv!w 



, AVA'V^V^VVVVVVAVAVVVVAVVVVVAVAVVVVh. 






















COLUMN 

ADDRESS 







ROW 

ADDRESS 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper / (Lower) Hidden Refresh Cycle (Byte Read) (Note 29) 




DQi-DQs 
(or DQg-DQie) 

VoH- 
OUTPUTS 
_ VoL - 


Hi-Z 



tCDD 



Note 29; Early write, delayed write, read write or read modify write cycle is applicable Instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


fe not a VmaS 


Fast Page Mode Write Cycle (Early Write) 


RAS 


ViH-- 

VlL- 


ICRP 


__ ViH - 

UCAS/ LCAS 
VlL- 


Ao~A 9 


tASR I 1 tRAH 


tRAS 


tCSH 






tRCO 

_tCAS ^ 


tASC 


tPC 


tCP, 


tCAH 


tASC 


W 


tCAS 


tCP 


tCAH 


tASC 



tWCH 


tWCS 


tRP 


- ^ tRPC I ^ 

I* • - H tCRP 


tCAS 


tCAH 


DQ1-DQI6 


VOH- 
OUTPUTS • 
- VOL - 


Hi-Z 


tASR 
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Fast Page Mode Write Cycle (Delayed Write) 
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Fast Page Mode Upper / (Lower) Byte Write Cycle (Delayed Write) 



INP 


VlH- 
INPUTS 

ViL - 

DQi-DQs 
(or DQ9-DQ16) 
VOH- 
OUTPUTS 
_ VOL - 


- VlH- 

INPUTS 

VlL- 

DQ9-DQI6 
(or DQi-DQa) 

VOH- 
OUTPUTS 
_ VOL - 


OE 


VlH- 
VlL - 



A MITSUBISHI 
ELECTFBC 


4-363 












MITSUBISHI LSIs 



M5M418160CJ,TP-5r6,-7,-58,-68,-78 


T»,is no' » cnanflo- 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 



4 - 364 


A MITSUBISHI 
ELECTRIC 













MITSUBISHI LSIs 


1 Chana 


M5M418160CJ,TP-5,-6,-7,-5S,-6S,-7S 


"" FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Read-Upper / (Lower) Write, Read-Modify-Upper / (Lower) Write Cycie 


RAS 


VlH- 
VlL - 


UC AS ViH - 
(orLCAS)^^^_ 


LCAS_ViH - 

(or UCAS) 

ViL- 


Ao~A9 


VlH- 
VlL -r 


w 


VlH- 

VlL- 


INF 


VlH- 
INPUTS 

DQi-DQs “ 
(or DQ 9 -DQ 16 ) 

I VOH- 

OUTPUTS 
I- VOL- 


VlH- 

INPUTS 

VlL- 

DQ9-DQ16 
(or DQi-DQa) 

VOH- 

OUTPUTS 

_ VOL- 


OE 


VlH- 

VlL- 
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vRV M5M416165CJ,TP-5,-6,-7, 

-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 


FEATURES 


PIN CONFIGURATION (TOP VIEW) 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 
access' 
time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(mln.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

M5M416165CXX-5,-5S 

50 

13 

25 

13 

90 

540 

M5M416165CXX-6,-6S 

60 

15 

30 

15 

110 

430 

M5M416165CXX-7,-7S 

70 

20 

35 

20 

130 

385 


•Standard 42 pin SOJ, 50 pin TSOP 
•Single 5.0V ±10% supply 
•Low stand-by power dissipation 

5.5mW (Max) ...- CMOS Input level 

•Low operating power dissipation 

M5M416165Cxx-5,-5S - -.. 660.0mW (Max) 

M5M416165Cxx-6,-6S -525.0mW (Max) 

M5M416165Cxx-7,-7S -2111- 470.0mW(Max) 

•Hyper-page mode , Read-modify-write,RAS-only refresh 
CAS before RAS refresh, Hidden refresh capabilities 
•Early-write mode, OE and W to control output buffer impedance 
All inputs, output TTL compatible and low capacitance 
•4096 refresh cycles every 64ms (Ao~Aii) 

* ; Applicable to self refresh version (M5M416165CJ,TP-5S,-6S, 
-7S : option) only 


APPLICATION 

Main memory unit for computers. Microcomputer memory. 
Refresh memory for CRT 


^ Vss 
^ DQie 
^ DQis 
^ DQ 14 
ail DQ 13 
37 ] Vss 
^ DQ12 
35] DQ1I 
^ DQ10 
33] DQ 9 
32] NC 
31 ] LCAS 
13 UCAS 
m OE 
H] A9 
27] AS 
ael A7 
is] As 
As 
13 A4 
HI VSS 


Outline 42P0N-A (400mil SOJ) 


^ vss 
^ DQ16 
^ DQ 15 
^ DQ 14 
^ DQ 13 
45] Vss 
44] DQ12 
431 DQ11 
^ DQ10 
iH 0(39 
^ NC 


PIN DESCRIPTION 


Pin name 


Ao~Ai 1 


DQ1-DQ16 


RAS 


UCAS 


Function 


Address inputs 


Data inputs/outputs 


Row address strobe input 


Upper byte control 



column address strobe input 


Lower byte control 
column address strobe input 


Write control input 


Output enable input 


Power supply (+5.0V) 


Ground (OV) 


NC 

\I. 

q 


NC 

NC 





[¥ 



LCAS 

W 

01 


il 

UCAS 


i 



OE 

All 

Oi 



A 9 

AID 




As 

AO 

E 


U 

A7 

Al 

E 


u 

As 

A2 

[23 


u 

As 

A3 

E 


13 

A4 

VCC 

E 



VSS 


Outline 50P3G-F (AOOmil TSOP Normal Bend) 


NC: NO CONNECTION 
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M5M416165C J,TP-5,-6,-7,-5S,-6S,-7S 




HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION _ 

The M5M416165CJ, TP provide, in addition to normal read, write, hyper page mode, RAS-orily refresh, and delayed-write. The input 

and read-modify-write operations, a number of other functions, e.g., conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 





Note: ACT; active, NAC : nonactive, DNC : don't care, VLD ; vaiid, iVD : invalid, APD : applied, OPN: open 
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M5M416165CJ,TP-5,-6,-7,-58,-6S,-7S 

MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-1~7 

V 

Vi 

Input voltage 

-1~7 

V 

Vo 

Output voltage 

-1~7 

V 

1 0 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25‘’C 

1000 

mW 

Topr 

Operating temperature 


0~70 

*C 

Tstg 

Storage temperature 


-65 ~ 150 

•c 


PREUMINABY 






HYPER PAG 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70’C. unless otherwise noted) (Note 1 ) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Norn 

Max 

Vcc 

Supply voltage 

4.5 

5.0 

5.5 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

VIH 

High-level input voltage, all inputs 

wsm 


6.0 

V 

VIL 

Low-level input voltage, all inputs 

-1 


0.8 

V 


Note 1; All voltage values are with respect to VSS. 


ELECTRICAL CHARACTERISTICS (Ta=0~70”C, Vcc=5.0V±10%. Vss=0V, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

HH 



VOH 

High-level output voltage 

IOH=-5.0mA 

2.4 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=4.2mA 

0 


0-4 

V 

loz 

Off-state output current 

Q floating 0 V^Vout^5.5V 




aA 

h 

Input current 

OV^ ViN ^ 6V, Other inputs pins=0V 



mm 

/rA 

ICCI(AV) 

Average supply current 
from Vcc operating 

(Note 3,4,5) 

M5M416165C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



120 

mA 

M5M416165C-6,-6S 



95 

M5M416165C-7,-7S 



85 

|CC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

RAS= CAS ^Vcc -0.2V 
output open 



1 



0.3* 

ICC3(AV) 

Average supply current 
from Vcc refreshing 

(Note 3,5) 

M5M416165C-5,-5S 

RAS cycling, CAS=Vih 

tRC=min. 

output open 



120 

mA 

M5M416165C-6,-6S 



95 

M5M416165C-7,-7S 



85 

lCC4(AV) 

Average supply current 
from Vcc 

Hyper-Page-Mode 

(Note 3,4,5) 

M5M416165C-5,-5S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



165 

mA 

MSM416165C-6,-6S 



130 

M5M416165C-7,-7S 



110 

ICC6(AV) 

Average supply current 

from \^c _ 

CAS before RAS refresh 

(Note 3) 

M5M416165C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 


! 

120 

mA 

M5M416165C-6,-6S 



95 

M5M416165C-7,-7S 



85 

ICC8(AV) * 

Average supply current 
from Vcc 

Extended-refresh cycle 
(Note 6) 

M5M416165C(S) 

stand-by: 

^aVcc-0.2V 

CASSVCC-0.2V or CAS^0.2V 

CAS before RAS refresh: 

RAS cycling CASg0.2V or 

CAS before RAS refresh cycling 
W^0.2Vor^VCC-0.2V 

OE^0.2Vor ^VCC-0.2V 

A 0 ~A 11 ^0.2V or ^VCC-0.2V 

DQ=open, tRC=1 25 s, 
tRAS=tRASmin—1 /rS 



600 

aA 

lCC9(AV) ♦ 

Average supply current 
from vcc 

Self-refresh cycle 

M5M416165C (S) 

RAS=CAS^0.2V 

m 

■ 

400 

aA 


Note 2: Current flowing into an IC is positive, out Is negative. 

3: ICC1 (AV), ICC3 (AV) and ICC4 {AM) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4; ICC1 (AV) and ICC4 (AV) are dependent on output loa ding. Specitied values are ob tained with the output open. 

5; Column Address can be changed once or less while RAS=VlL and LCAS/UCAS=VIH . 
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M5M416165CJ,TP-5r6,-7,-5Sr6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~70”e, Vcc=5.0\/±107o, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

f=1MHz 

Vi=25mVrms 



5 

PF 

Cl(OE) 

Input capacitance, OE input 



7 

PF 

C\m 

input capacitance, write controi input 



7 

pF 

Cl(R^) 

input capacitance, RAS input 



7 

pF 


input capacitance, CAS input 



7 

pF 

1 Ci/o 

input/Output capacitance, data ports 



7 

pF 


SWITCHING CHARACTERISTICS (Ta=0~70'C, Vcc=5.0V±10%, Vss=0V, unless otherwise noted, see notes 6,14,15) 





Limits 


Symboi 

Parameter 


M5M416165C-5,-5S 

M5M416165C-6,-6S 

M5M416165C-7,-7S 

Unit 



Min 


Min 


Min 



tCAC 

Access time from CAS 

(Note 7,8) 


13 


15 


20 

ns 

tRAC 


(Note 7,9) 


50 


60 



ns 

tAA 

Columu address access time 

(Note 7,10) 


25 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


30 


35 


40 

ns 

tOEA 

Access time from OE" 

(Note 7) 


13 


15 


20 

ns 

tOHC 

Output hold time from CAS 

5 


5 


5 


ns 

tOHR 

Output hold time from RAS 

(Note 13) 

5 


5 


5 


ns 

tCLZ 

Output iow impedance time from CAS iow 

(Note 7) 

5 


5 


5 


ns 

tOEZ 

Output disabie time after OE high 

(Note 12) 

0 

13 

0 

15 

0 

20 

ns 

tWEZ 

Output disable time after WE iow 

(Note 12) 

0 

13 

0 

15 

0 

20 

ns 

tOFF 

Output disabie time after CAS high 

(Note 12,13) 

0 

13 

0 

15 

0 

20 

ns 

tREZ 

Output disabie time after RAS high 

(Note 12,13) 

0 

13 

0 

15 

BE^I 

20 

ns 


Note 6: An initial pause of 500 ps Is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock su ch as RAS-Only refresh). __ 

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 64ms) 
of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(lOH=-5mA) / VOL^0.4V(lOL=4.2mA) load 10OpF. 

The reference levels for measuring of output signal are 2.0V(VOH) and 0.8V(VOL). 

8; Assumes that tRCD 2; tRCD(max) and tASC ^ tASC(max). and tCPi tCP(max). 

9: Assumes that tRCD ^ tRCD(max) and tRAO ^tRAO(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD ^ tRAD(max) and tASC ^ tASC(max). 

11; Assumes that tCP ^ tCP(max) and tASC ^ tASC(max). 

12: tOEZ(max), tWEZ(inax), tOFF(max) and tREZ(max)defines the time at which the output achieves the high impedance state (lOUTS |±10pA |) 
and is not reference to VOH( min) o r VOL(max). 

13: Output is disabled after both RAS and CAS go to high. 
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M5M416165CJ,TP-5r6,-7r5S,-6Sr7S 

some HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 

(Ta=0~70"C, Vcc=5.0V±10%, Vss=0V, unless otherwise noted, see notes 14,15) 





Limits 


Symbol 

Parameter 


M5M416165C-5,-5S 

M5M416165C-6,-6S 

M5M416165C-7,-7S 

Unit 




Min 


Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


64 


64 


64 

ms 

tREF* 

Refresh cycle time 




mm 



ms 

tRP 

RAS high pulse width 

30 


40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 16) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


0 


ns 

tCPN 

CAS high pulse width 

8 


10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 17) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 18) 

0 

10 

0 

13 

0 

13 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

8 


10 


10 


ns 

tDZC 

Delay time, data to CAS low 

(Note 19) 

0 


0 


0 


ns 

tDZO 


(Note 19) 

0 




0 


ns 

tRDD 

Delay time, RAS high to data 

(Note 20) 

13 


15 


20 


ns 

tCDD 

Delay time, CAS high to data 

(Note 20) 

13 


15 


20 


ns 

tODD 

Delay time, OE high to data 

(Note 20) 

mm 


15 


20 


ns 

tT 

Transition time 

(Note 21) 

1 

HS9I 

1 

50 

1 

50 

ns 


Note 14: The timing requirements are assumed fr =2ns. 

15: VIH(min) and VlL(max) are reference ieveis for measuring timing of input signals. 

16: tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD Is greater than tRCD(max), access time is 


controlled exclusively by tCAC or tAA. 

17; tRAD(max) Is specified as a reference point only. If tRAD S tRAD(max) and tASC ^ tASC(max), access time Is controlled exclusively by tAA. 
18: tASC(max) is specified as a reference point only. If tRCD ^ tRCD(max) and tASC ^ tASC(max), access time is controlled exclusively by tCAC 
19: Either tDZC or tDZO must be satisfied. 

20: Either tRDD or tCDD or tODD must be satisfied. 

21: tr is measured between ViH(min) and ViL(max). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M416165C-5,-5S 

M5M41616SC-6,-6S 

M5M416165C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

90 


110 


130 


ns 

tRAS 

RAS low pulse width 

50 


60 

■timiif 

70 


ns 

tCAS 

CAS low pulse width 

8 


10 


13 


ns 

tCSH 

CAS hold time after RAS low 

40 


48 


55 


ns 

tRSH 

RAS hold time after CAS low 

13 


15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tRCH 


0 


0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 22) 

10 


10 


10 


ns 

tRAL 

Column address to RAS hold time 

25 


30 


35 


ns 

tCAL 

Column address to CAS hold time 

13 


18 


23 


ns 

tORH 


13 


15 


20 


ns 

tOCH 


13 


15 


20 


ns 


Note 22; Either tRCH or tRRH must be satisfied for a read cycle. 
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^ HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M416165C-5,-5S 

M5M416165C-6,-6S 

M5M416165C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

two 

Write cycle time 

90 


110 


130 

_ 

ns 

tRAS 

RAS low pulse width 

50 

ll»!i!>!»l 

60 


70 

lli!»M»l 

ns 

tCAS 


8 

■miniti 

10 


13 


ns 

tCSH 

CAS hold time after RAS low 

40 


48 


55 


ns 

tRSH 

RAS hold time after CAS low 

13 


15 


20 


ns 

twcs 

Write setup time before CAS low (Note 24) 

0 


0 


0 


ns 

tWCH 


8 


10 


13 


ns 

tCWL 


8 


10 


13 


ns 

tRWL 


8 


10 


13 


ns 

twp 

Write pulse width 

8 


10 


13 


ns 

tDS 

Data setup time before CAS low or Wlow 

0 


0 


0 


ns 

tOH 

■ ijsi ^ iT«j [1 ■ (1 11 14:1 1 H 

8 


10 


13 


ns 


Read-Write and Read-Modify-Write Cycies 





Limits 


Symbol 

Parameter 


M5M416165C-5,-5S 

M5M416165C-6,-6S 

MSM4f6165C-7,-7S 

Unit 




Min 


Min 

Max 

Min 

Max 


tRWC 

Read write/read modify write cycle time 

(Note 23) 

109 


133 


161 


ns 

tRAS 

■T1 111 1 |i|l 1 1II1 

75 


89 


107 

■HHHM 

ns 

tCAS 

CAS low pulse width 

38 

hhniiM 

44 

1I»!»M»1 

57 

1I»!»W»I 

ns 

tCSH 

CAS hold time after RAS low 

70 


82 


99 


ns 

tRSH 


38 


44 


57 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low 

(Note 24) 

28 


32 


42 


ns 

tRWD 

Delay time, RAS low to W low 

(Note 24) 

65 


77 


92 


ns 

tAWD 

Delay time, address to W low 

(Note 24) 

40 


47 


57 


ns 

tOEH 

OE hold time after W low 

13 


15 


20 


ns 


Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tr. 


24: twcs, tcWD, tRWD and tAWD and, tCPWD are specified as reference points oniy. if twcsStwcS(min) the cycie is an eariy write cycie and the DQ pins 
wiii remain high impedance throughout the entire cycie. if tcWD^tcWO(tnin), tRWD^tRWD(min), tAWD^tAWD(min) and tCPWD^ tCPWD(min) 

(for hyper page mode cycle only), the cycle is a read-modify-write cycle and the DQ will c ontain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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M5M416165CJ,TP-5,-6,-7,-58,-6Sr7S 

s”-""" HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper page Mode Cycle 

(Read, Early Write, Read-WrIte, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 


Symbol 

----- 

Parameter 

Limits 

Unit 

M5M416165C-5,-5S 

M5M416165C-«,>6S 

M5M416165C-7,-7S 

Min 

Max 

Min 

Max 

Min 


tHPC 

Hyper page mode read/write cycle time 

20 


irai 


30 


ns 

tHPRWC 

Hyper page mode read write/read modify write cycie time 

57 


66 


79 


ns 

tOOH 

Ivf II1 •!! 1 ■ fllal [• ■ 111 iTtll 

5 


5 


5 


ns 

tRAS 

low pulse width for read write cycle (Note 26) 

65 


77 


92 

[W»l 

ns 

tCP 

CAS high pulse width (Note 27) 

8 

13 

10 

16 

10 

16 

ns 

tCPRH 

RAS hold time after CAS precharge 

30 


35 


40 


ns 

tCPWD 

Delay time, CAS orecharge to W low (Note 24) 

45 


52 


62 


ns 

tCHOL 

Hold time to maintain the data Hi-Z until CAS access 

7 


7 


7 


ns 

tOEPE 


7 


7 


7 


ns 

tWPE 


7 


7 


7 


ns 

tHCWD 

Delay time, CAS low to W low after read 

28 


32 


42 


ns 

tHAWD 

Delay time, address to W low after read 

52 


62 


72 


ns 

tHPWD 

Delay time, CAS precharge to W low after read 

62 


72 


82 


ns 

tHCOD 

Delay time, CAS low to OE high after read 

13 


15 


20 


ns 

tHAOD 

Delay time, address to OE high after read 

25 


30 


35 


ns 

tHPOD 

Delay time, CAS precharge to OE high after read 

30 


35 


40 


ns 


Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26: tRAS(min) Is specified as two cycles of CAS input are performed. 

27: tCP(max) Is specified as a reference point only. 



CAS before RAS Refresh Cycle (Note 28 ) 


Symbol 

Parameter 

Limits 

Unit 

M5M416165C-5,-5S 

M5M416165C-6,-«S 

M5M416165C-7,-7S 

Min 


Min 


Min 


tCSR 

CAS setup time before RAS low 

5 


5 


5 


ns 

tCHR 

CAS hold time after RAS low 

10 


10 


15 


ns 


Note 28: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 
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M5M416165CJ,TP-5,-6,-7,-5S,-6S,-7S 




HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by “S" after speed item, like -5S/ -6S/ -7S. The other characteristics and requirements than the below are 
same as normal devices. 


TIMING REQUIREMENTS (Ta=0~70'C, Vcc=5.0V±10%. Vss=0V. unless otherwise noted, see notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M416165C-5S 

M5M416165C-6S 

M5M416165C-7S 

Min 

HS13I 

Min 

Max 

Min 

Max 

tRASS 

Self refresh RAS low pulse width 

100 


100 


100 


AS 

tRPS 

Self refresh RAS high precharge time 

90 


110 




ns 

tCHS 

Self refresh RAS hold time ' 

-50 


-50 


-50 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (4K) must be made within tNS / tSN before / after self refresh, on the condition of tNS^64ms and 
tsN^64ms. 


1-^—1 

Jill.nil.. 

DISTRIBUTED REFRESH 
< 4K / 64ms > 


(2) In case of burst refresh 

The last / first full refresh cycles {4K) must be made within tNS / tsN before / after self refresh, on the condition of tNS +tSN^64ms. 



BURST REFRESH BURST REFRESH 

< 4K / 64ms > < 4K / 64ms > 



DISTRIBUTED REFRESH 
< 4K/64ms > 
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M5M416165CJ,TP-5,-6,-7,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Timing Diagrams (Note 29 ) 
Read Cycle 



Notice- 




Note 29 



Indicates the don't care input. 
VlH(min)^VIN^VIH(max) or VlL(min)^VlNSVlL(max) 



Indicates the invalid output. 
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Byte Early Write Cycle 


RAS 


LCAS 


VlH- 

VlL- 


VlH- 


(or UCAS) viL - 


UCAS 


VtH- 


(or LCAS) v,L _ 


Ao-Aii 


W 


DQi~DQ 8 _ 
(or DQ9 ~DQi 6) 
(INPUTS) ViL - 


DQi'*^DQ8 Voh— 
(or DQ9 ~DQi6) 
(OUTPUTS) VOL - 


DQ9~DQ16 y|^_ 
(orDQi~DQ8) 
(INPUTS) ViL - 




tCRP 


tASR 


twc 


tRAS 


tCSH 


tRCD 


'V 


tRAH 


tASC 



twcs 



tRSH 


tCAS 


tCAH 


tWCH 


Hi-Z 



tDH 


DATA VALID 


tRP 




tCRP 


/ 


tASR 




DQ 9 ~DQi 6 
(orDQi~DQ8) 
(OUTPUTS) VoL - 
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Byte Read-Write, Read-Modify-Write Cycle 




(or UCAS) 

ViL - 

UCAS_ ■ 

(or LCAS) 

ViL - 


VlH- 

Ao~Aii 

VlL ■ 


VlH- 

W 

VlL ■ 

DQi ~DQ8 

VIH. 

(or DQ9 ~DQi6) 

(INPUTS) 

ViL - 

DQi~DQ8 

VOH 

(or DQ9 ~DQi6) 
(OUTPUTS) VoL 

DQ9~DQi6 

ViH. 

(or DQi~DQ8) 

(INPUTS) 

ViL • 

DQ9~DQ16 

VOH- 

(or DQi~DQ 8) 
(OUTPUTS) VoL- 


JVl^Aniri 


%*;*&!*» 





I 


ISI 



COLUMN 

ADDRESS 
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Hyper Page Mode Byte Read Cycle 


RAS 


LCAS 


VIH-' 

VlL- 


VlH. 


(or UCAS) ViL - 


UCAS_ Tih - 

(or LCAS) 


Ao-Ai 1 


ViH-' 


ViL-; 


W 


DQl ~DQ8 _ ] 

(or DQ9 ~DQi6) 
(INPUTS) ViL -: 


DQl—DQa voH — 
(or DQ9 ~DQi 6) 
(OUTPUTS) VoL - 


’V 


tCRP 


tASR 


tRAS 




tCSH 


tRCD 


’N._ / 


tRAD 


tRAH 


ROW 

ADDRESS 


tASCk 


tCAS 


tCAH, 


COLUMN-1 


tRCS 


Hi-Z 


tozc 


tCAL 


tHPC 


top 


_ / 


tASC 


tCAS 


tCAH 


COLUMN-2 


tozc 


tCLZ 


tCAL 


Hi-Z 


tCAC 


tAA 


tCPA 


tCP 


tASC 




tRSH 


tCAS 


tCPRH 


tCAH 


COLUMN-3 


tCAL 


DATA 

VALID-2 


tRP 




tCRP 




ROW 

ADDRESS 


tRRH 


tRCH 


u | tRE2 

rT I I 
tOHR 


> 


tRDD 


tCDD 


DQs'^DQis ym_ 

(or DQi~DQ8) 
(INPUTS) ViL - 


DQ9~DQi6 Voh- 
(or DQl ~DQ8) 
(OUTPUTS) VO*- “ 


5E 


VlH- 

VlL- 
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LCAS/UCAS 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Byte Early Write Cycle 


tRAS 


RAS 


LCAS 


ViH-' 

VlL- 


VlH-' 


(or UCAS) ViL - 


UC AS 
(or LCAS) viL _ 


Ao~Aii 


W 


DQi—DQs \^|[-| _ 
(or DQ9 ~DQi 6) 
(INPUTS) ViL - 


DQi~DQ8 voh- 
(or DQ9 ~DQi 6) 
(OUTPUTS) VoL - 


DCte'-'DQie ym _ 
(or DQi-^DQa) 
(INPUTS) ViL - 




tCSH 


tHPC 


tRSH 


tCRP 




tRCD 

.L tCAS ^ 


tRP 






tCAS 



DQ9~DQi6 voh- 
(or DQi~DQ 8) 
(OUTPUTS) VoL - 
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Hidden Refresh Cycle (Read) (Note 30 ) 


LCAS/UCAS 
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M5M418165CJ,TP-5,-6,-7, 

-58,-68,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

M5M418165CXX-5,-5S 

50 

13 

25 

13 

90 

810 

M5M418165CXX-6,-6S 

60 

15 

30 

15 

110 

675 

M5M418165CXX-7,-7S 

70 

20 

35 

20 

130 

585 


XX=J.TP 


•Standard 42 pin SOJ, 50 pin TSOP 
•Single 5.0V ±10% supply 
•Low stand-by power dissipation 

5.5mW(Max) ..-....CMOSInputlevel 

•Low operating power dissipation 

M5M418165Cxx-5,-5S - 990.0mW(Max) 

M5M418165Cxx-6,-6S -825.0mW (Max) 

M5M418165Cxx-7,-7S -—-.715.0mW(Max) 

• Hype r-page mode , Read-modify-write,RAS-only refresh 
CAS before RAS refresh. Hidden refresh capabilities 
•Early-write mode, OE and W to control output buffer impedance 
All inputs, output TTL compatible and low capacitance 
• 1024 refresh cycles every 16.4ms (Ao~A9) 

* ; Applicable to self refresh version (M5M418165CJ,TP-5S,-6S, 
-7S: option) only 

APPLICATION 

Main memory unit for computers. Microcomputer memory. 

Refresh memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

Ao~A9 

Address inputs 

DQi-DQie 

Data inputs/outputs 

raS 

Row address strobe input 

UCAS 

Upper byte control 
column address strobe input 

LCAS 

Lower byte control 
column address strobe input 

W 

Write control input 

OE 

Output enable input 

Vcc 

Power supply (+5.0V) 

Vss 

Ground (OV) 


PIN CONFIGURATION (TOP VIEW) 

vcc \T 


«] Vss 

DQl E 


^ DQ16 

DQ2 [T 


^ DQl 5 

DQa [T 


^ DQl 4 

DQ4 E 


DQl 3 

VCC E 


37] Vss 

DQ5 e 


^ DQ 12 

DQ6 E 


35] DQ 11 

dq7 e 

s 

ai 

^ DQ 10 

DQ8 Qo 

S 

33 ) DQ9 

NC E 

00 

32] NC 

NC E 

o> 

VI 

13 LCAS 


O 

m UCAS 

RAS QT 


m OE 

NC E 


Ml A9 

NC E 


13 A8 

AO E 


^ A7 

At [ie 


M) A6 

A2 E 


Ml AS 

A3 E 


23] A4 

VCC [ii 


E\ vss 

Outline 42P0N-A (400mil SOJ) 

< 

O 

o 

FL 


^ VSS 

DQl E 


El DQ 16 

DQ2 E 


E] DQIS 

DQ3 E 


El dqi4 

DQ4 E 


E] DQ13 

VCC E 


4s1 Vss 

DQ 5 E 


44 ] DQ 12 

DQe E 


43 ] DQ 11 

DQ7 E 


E] DQ 10 

DQa E 


E] dq9 

NC E 

S 

U1 

12 S 39 

13 09 38 

14 g 37 

E] NC 

NC Qi 


El NC 

NC E 

■0 

35] LCAS 

w E 


13 UCAS 

E 


33] OE 

NC E 


32I A9 

NC E 


El A8 

AO E 


E] A7 

At E 


»] A6 

A2 E 


El As 

A3 E 


El A4 ' 

VCC E 


El vss 

Outline 50P3G-F (400mil TSOP Normal Bend) 

NC; NO CONNECTION 


A Mrr8UBI8Hi 
ELECTRIC 
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MITSUBISHI LSIS 

M5M418165CJ,TP-5,-6,-7,-58,-68,-78 


* c not 8 to 0^8898. 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION 

The M5M418165CJ, TP provide, in addition to normai read, write, 
and read-modify-write operations, a number of other functions, e.g.. 


hyper page mode, RAS-only refresh, and deiayed-write. The input 
conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Lower byte read 


Upper byte read 


Word read 


Lower byte write 


Upper byte write 


Word write 


Inputs 1 

Input/Output 


LCAS 

UCAS 

W 

OE 

DQi-DQs 

DQ9~DQii 

ACT 

ACT 

NAC 

NAC 

ACT 

DOUT 

OPN 

ACT 

NAC 

ACT 

NAC 

ACT 

OPN 

DOUT 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

ACT 

ACT 

NAC 

ACT 

NAC 

DIN 

DNC 

ACT 

NAC 

ACT 

ACT 

NAC 

DNC 

DIN 

ACT 

ACT 

ACT 

ACT 

NAC 

DIN 

DIN 

ACT 

NAC 

NAC 

DNC 

DNC 

OPN 

OPN 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

ACT 

ACT 

ACT 

DNC 

DNC 

OPN 

OPN 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

OPN 




Hidden refresh 


CAS before RAS refresh 


Stand-by 


Note : ACT : active, NAC : nonactive, DNC : don't care, VLD : vaiid, iVD : invalid. 



APD: appiied, OPN: open 


BLOCK DIAGRAM 


ROW ADDRESS 
STROBE iNPUT 

LOWER BYTE CONTROL _ 

COLUMN ADDRESS LCAS 
STROBE INPUT 


UPPER BYTE CONTROL 
COLUMN ADDRESS 


UCAS 


STROBE INPUT 


WRITE CONTROL ^ 
INPUT 


ADDRESS INPUTS 



AO 

At 

A2 

A3 

A4 

AS 

As 

A7 

As 

A9 



VCC (5.0V) 

VSS(0V) 

DQl' 

DQ2 

I I LOWER DATA 
; rINPUTS/OUTPUTS 

DOS 



UPPER DATA 
INPUTS/OUTPUTS 


OP OUTPUT ENABLE 
INPUT 


4-400 
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M5M418165CJ,TP-5r6r7r5S,-6S,-7S 


Notic®' ' g^etfic 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-1~7 

V 

Vi 

Input voltage 

-1~7 

V 

Vo 

Output voltage 

-1~7 

V 

1 0 

Output current 


50 

mA 

Pd 

Power dissipation 

73=25*0 

1000 

mW 

Topr 

Operating temperature 


0~70 

•c 

Tstg 

Storage temperature 


-65 ~ 150 

•c 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70’C, unless otheiwise noted) (Note i) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Nom 

Max 

Vcc 

Supply voltage 

■Si 

5.0 

5.5 

V 

Vss 


0 

0 

0 

V 

VIH 

High-level input voltage, all inputs 



6.0 

V 

VIL 

Low-level input voltage, all inputs 

-1 


0.8 

V 


Note 1 : All voltage values are with respect to Vss. 

ELECTRICAL CHARACTERISTICS (Ta=0~70'C, Vcc=5.0V±10%. Vss=0V, unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

HnS! 

B9 


VOH 

High-level output voltage 

IOH=-5.0mA 

■Ml 


Vcc 

V 

VOL 

Low-level output voltage 

loL=4.2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating 0 V^Vout^5.5V 

-10 


10 

juA 

ll 

Input current 

OV^ ViN ^ 6V, Other inputs pins=0V 

-10 


10 

aA 

|CC1(AV) 

Average supply current 
from Vcc operating 

(Note 3,4,5) 

M5M418165C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



180 

mA 

M5M418165C-6,-6S 



150 

M5M418165C-7,-7S 



130 

ICC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

RAS=C^SVcc-0.2V 
output open 



1 



0.3* 

|CC3(AV) 

Average supply current 
from Vcc refreshing 

(Note 3,5) 

M5M418165C-5,-5S 

RAS cycling, CAS=Vih 

tRC=min. 

output open 



180 

mA 

M5M418165C-6,-6S 



150 

M5M41816SC-7,-7S 



130 

|CC4(AV) 

Average supply current 
from Vcc 

Hyper-Page-Mode 

(Note 3,4,5) 

MSM418165C-5,-5S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



165 

mA 

M5M418165C-6,-6S 



130 

M5M418165C-7,-7S 



110 

|CC6(AV) 

Average supply current 

from wc _ 

CAS before RAS refresh 

(Note 3) 

M5M418165C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



180 

mA 

M5M418165C-6,-6S 



150 

M5M418165C-7,-7S 



130 

|CC8(AV) * 

Average supply current 
from Vcc 

Extended-refresh cycle 
(Note 6) 

M5M418165C (S) 

Stand-by: 

R^SVCC-0.2V 

CASSVCC-0.2V orCASSO.aV 

CAS before RAS refresh: 

RAS cydirrg CAS^O.ZV or 

CAS before RAS refresh cycling 
W^0.2Vor^Vcc-0.2V 

OE^0.2Vor ^VCC-0.2V 

A0~A9S0.2V or ^VCC-0.2V 

DCNopen, tRC=125/rs, 
lHAS=tRASmin'-'1 ftS 


1 

500 

aA 

ICC9(AV) * 

Average supply current 
from VCC 

Self-refresh cycle 

M5M418165C(S) 

^=C^^0.2V 

■ 

■ 

400 

aA 


Note 2; Current flowing into an IC is positive, out Is negative. 

3: ICCI (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCI (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

5: Column Address can be changed once or less while RAS=VIL and LCAS/UCAS=VIH . 


A MITSUBISHI 
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MITSUBISHI LSIs 

M5M418165CJ,TP-5r6r7,-5Sr6S,-7S 


This ts hOi. » sitoiec' 

some pa'^®' 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~70”C, Vcc=5.0V±10%, \/ss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

H2IU 

Typ 

Max 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

f=1MHz 

Vi=25mVrms 



5 

PF 

Cl (OE) 

Input capacitance, OE input 



7 

PF 

Ci(W) 

Input capacitance, write control input 



7 

pF 

Cl(R^) 

Input capacitance, RAS input 



7 

pF 


Input capacitance, CAS input 



7 

pF 

1 Ci/o 

Input/Output capacitance, data ports 



7 



SWITCHING CHARACTERISTICS (Ta=0~70'’C, Vcc=5.0V±10%, Vss=0V, unless othenwise noted, see notes 6,14,15) 





Limits 


Symbol 

Parameter 


M5M41S165C-5,-5S 

M5M418165C-6,-6S 

M5M418165C-7,-7S 

Unit 



Min 


Min 

Max 

Min 



tCAC 

Access time from CAS 

(Note 7,8) 


13 


15 


20 

ns 

tRAC 


(Note 7,9) 




60 


70 

ns 

tAA 

Columu address access time 

(Note 7,10) 


25 


30 


35 

ns 

tCPA 

Access time from CAS precharae 

(Note 7,11) 


30 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 7) 


13 


15 


20 

ns 

tone 

Output hold time from CAS 

5 


5 


5 


ns 

tOHR 

Output hold time from RAS 

(Note 13) 

5 


5 


5 


ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


5 


ns 

tOEZ 

Output disable time after OE high 

(Note 12) 

0 

13 


15 

0 

20 

ns 

tWEZ 

Output disable time after WE low 

(Note 12) 

0 

13 

0 

15 

0 

20 

ns 

tOFF 

Output disable time after CAS high 

(Note 12,13) 

0 

13 

0 

15 

0 

20 

ns 

tREZ 

Output disable time after RAS high 

(Note 12,13) 

0 

13 

0 

15 

0 

20 

ns 


Note 6: An initial pause of 500 ps is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 


clock su ch as RAS-Only refresh). __ 

N ote th e RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 16.4ms) 
of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(iOH=-5mA) / VOL=0.4V(lOL=4.2mA) load lOOpF. 

The reference levels for measuring of output signal are 2.0V(VOH) and 0.8V(VOL). 

8; Assumes that tRCD ^ tRCD(max) and tASC tASC(max). and tCPfe tCP(max). 

9: Assumes that tRCD ^ tRCD(max) and tRAD ^tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD ^ tRAD(max) and tASC ^ tASC(max). 

11: Assumes that tCP^ tCP(max) and tASC ^ tASC(max). 

12: tOEZ(max), tWEZ(max), tOFF(max) and tREZ(max)defines the time at which the output achieves the high Impedance state (lOUT^ |±10^Ai) 


and is not reference to VOH(min) or VOL(max). 

13: Output is disabled after both RAS and CAS go to high. 
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MITSUBISHI LSIs 


M5M418165CJ,TP-5,-6,-7,-5S,-6S,-7S 

PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 

(Ta=0~70°C, Vcc=5.0V±10%, Vss=0V, unless otherwise noted, see notes 14,15) 





Limits 


Symbol 

Parameter 


M5M418165C-5,-5S 

M5M418165C4,-6S 

MSM418165C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


16.4 


16.4 


16.4 

ms 

tREF* 

Refresh cycle time 


■b!il 




EH 

ms 

tRP 

RAS high pulse width 

30 


40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 16) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


0 


ns 

tCPN 

CAS high pulse width 

8 


10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 17) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 18) 

0 

10 

0 

13 

0 

13 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


mm 


ns 

tCAH 

Coiumn address hold time after CAS iow 

8 


10 


10 


ns 

tDZC 


(Note 19) 

0 


0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 19) 

0 


0 




ns 

tRDD 

Delay time, RAS high to data 

(Note 20) 

13 


15 


EH 


ns 

tCDD 

Delay time, CAS high to data 

(Note 20) 

13 


15 


20 


ns 

tODD 

Delay time, OE high to data 

(Note 20) 

13 


15 


eh 


ns 

tT 

Transition time 

(Note 21) 

1 


1 

50 

1 

50 

ns 


Note 14; The timing requirements are assumed tT =2ns. 

15: VlH(min) and VlL(max) are reference levels for measuring timing of input signals. 

16: tRCD(nnax) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 


controlled exclusively by tCAC or tAA. 

17: tRAD(tnax) is specified as a reference point only. If tRAD ^tRAD(max) and tASC ^tASC(max), access time is controlled exclusively by tAA. 
18; tASC(max) is specified as a reference point only. If tRCD ^tRCD(max) and tASC ^tASC(max), access time is controlled exclusively by tCAC 
19; Either tDZC or tDZO must be satisfied. 

20: Either tRDD or tCDD or tODO must be satisfied. 

21; tr is measured between ViHfmin) and ViLfmax). 








HYPER 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M418165C-S,-5S 

M5M418165C-6,-6S 

M5M418165C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

90 


110 


130 


ns 

tRAS 

RAS low pulse width 

50 

■MiSud 

60 


70 


ns 

tCAS 

CAS low pulse width 

8 

IBWiM 

10 


13 


ns 

tCSH 

CAS hold time after RAS low 

40 


48 


55 


ns 

tRSH 

RAS hold time after CAS low 

13 


15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tRCH 


0 


0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 22) 

10 


10 


10 


ns 

tRAL 

Column address to RAS hold time 

25 


30 


35 


ns 

tCAL 

Column address to CAS hold time 

13 


18 


23 


ns 

tORH 


13 


15 


20 


ns 

tOCH 

CAS hold time after OE low 

13 


15 


20 


ns 


Note 22: Either tRCH or tRRH must be satisfied for a road cycle. 
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M5M418165C J,TP-5,-6,-7,-5S,-6S,-7S 




some 


HYPER PAGE MODE 16777216>BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M418165C-5,-5S 

M5M418165C-6,-6S 

M5M418165C-7,-7S 

Min 

Max 

Min 


Min 


two 

Write cycle time 

90 


110 


130 

_ 

ns 

tRAS 

RAS low pulse width 

50 

Bli!«W»l 

60 

BF»!»!i!»l 

70 


ns 

tCAS 

CAS low pulse width 

8 


10 


13 


ns 

tCSH 

CAS hold time after RAS low 

40 


48 


55 


ns 

tRSH 

RAS hold time after CAS low 

13 


15 


20 


ns 

twcs 

Write setup time before CAS low (Note 24) 

0 


0 


0 


ns 

tWCH 


8 


10 


13 


ns 

tCWL 

CAS hold time after W low 

8 


10 


13 


ns 

tRWL 

1 ^— 

8 


10 


13 


ns 

tWP 

Write pulse width 

8 


10 


13 


ns 

tDS 

Data setup time before CAS iow or W low 

0 


0 


0 


ns 

tOH 


8 


10 


13 


ns 


Read-Write and Read-Modify-Write Cycles 





Limits 


Symbol 

Parameter 


M5M418165C-5,-5S 

M5M418165C-6,-6S 


Unit 




Min 


Min 

12^1 

Min 



tRWC 

Read write/read modify write cycle time 

(Note 23) 

109 


133 


161 


ns 

tRAS 

RAS low pulse width 

75 


89 


107 

■HHHIf 

ns 

tCAS 

CAS low pulse width 

38 


44 


57 


ns 

tCSH 

CAS hold time after RAS low 

70 


82 


99 


ns 

tRSH 


38 


44 


57 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low 

(Note 24) 

28 


32 


42 


ns 

tRWD 


(Note 24) 

65 


77 


92 


ns 

tAWD 

Delay time, address to W low 

(Note 24) 

40 


47 


57 


ns 

tOEH 


13 


■a 


20 


ns 


Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tr. 

24: twcs, tcWD, tRWD and tAWD and, tCPWD are specified as reference points only. If twcs^twcs(min) the cycle is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tcWD^tcWD(min), tRWb^tRWD(min), tAWDS:tAWD(min) and tCPWO^ tCPWO(min) 

(for hyper page mode cycle only), the cycle is a read-modify-write cycle and the DQ will c ontain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or QE goes back to VIH) is indeterminate. 
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M5M418165CJ,TP-5r6r7,-5Sr6S,-7S 


,'mrtfic VimUs me 




HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper page Mode Cycle 

(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 


Symbol 

Parameter 

Limits 

Unit 

MSM418165C-5,-5S 

M5M418165C-6,-6S 

M5M418165C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tHPC 

Hyper page mode read/write cycle time 

20 


25 


30 


ns 

tHPRWC 

Hyper page mode read write/read modify write cycle time 

57 


66 


79 


ns 

tDOH 

Itlll Uf 1 1 !• 1 11 1 Anielllcl 

5 


5 


5 


ns 

tRAS 

low pulse width for read write cycie (Note 26) 

65 


77 

EEH 

92 

EEB3 

ns 

tCP 

CAS high pulse width (Note 27) 

8 

13 

10 

16 

10 

16 

ns 

tCPRH 

RAS hoid time after CAS precharge 

30 


35 


40 


ns 

tCPWD 

Delay time. CAS precharge to W iow (Note 24) 

45 


52 


62 


ns 

tCHOL 

Hold time to maintain the data Hi-Z until CAS access 

7 


7 


7 


ns 

tOEPE 


7 


7 


7 


ns 

tWPE 


7 


7 


7 


ns 

tHCWD 

Delay time, CAS low to W low after read 

28 




42 


ns 

tHAWD 

Delay time, address to W low after read 

52 ■ 


62 


72 


ns 

tHPWD 

Delay time, CAS precharge to W low after read 

62 


72 


82 


ns 

tHCOD 

Delay time, CAS low to OE high after read 

13 


15 


20 


ns 

tHAOD 

Delay time, address to (OE high after read 

25 


30 


35 


ns 

tHPOD 

Delay time, CAS precharge to OE high after read 

30 


35 


40 


ns 


Note 25: All previously specified timing requirements and switching characteristics are appiicabie to their respective Hyper page mode cycie. 
26: tRAS(min) is specified as two cycles of CAS input are performed. 

27: tCP(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 28) 


Symbol 

Parameter 

1 Limits 1 

Unit 

1 M5M418165C-5,-5S 

1 M$M418165C-6,-6S 

M5M418165C-7,-7S | 

Min 


Min 


Min 

Max 

tCSR 

CAS setup time before RAS low 

5 


5 


5 


ns 

tCHR 


10 


imm 


15 


ns 


Note 28: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 
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M5M418165C J,TP-5,-6,-7,-5S,-6Sr7S 


not 8 

t'h\s ” -tc are 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/ -6S/ -7S. The other characteristics and requirements than the below are 
same as normal devices. 


TIMING REQUIREMENTS (Ta=0~70°C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted, see notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M418165C-SS 

M5M418165C-6S 

M5M418165C-7S 

Min 

Max 

Min 

Max 

Min 


tRASS 

Self refresh RAS low pulse width 

100 


100 


100 


MS 

tRPS 

Self refresh RAS high precharge time 

90 


110 


130 


ns 

tens 

Self refresh RAS hold time 

■50 


-50 


-50 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (1K) must be made within tNS / tsN before / after self refresh, on the condition of tNS^I6.4ms and 
tSN^ 16.4ms. 



DISTRIBUTED REFRESH 
< IK / 16.4ms > 



DISTRIBUTED REFRESH 
< IK/ 16.4ms> 


(2) In case of burst refresh 

The last / first full refresh cycles (1K) must be made within tNS / tsN before / after self refresh, on the condition of tNS +tsN^16.4ms. 



BURST REFRESH BURST REFRESH 

<1K/16.4ms> <1K/16.4ms> 
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" HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Byte Read Cycle 



(or UCAS) ViL 


(or LCAS) 

ViL - 


VlH- 

Ao~A9 

VlL - 


VlH- 

w 

VlL - 

DQi~DQ8 

VlH- 

(or DQ9 ~DQi6) 

(INPUTS) 

ViL ■ 

DQi~DQ8 

VOH 

(or DQ9 ~DQi6) 

(OUTPUTS) 

VOL 

DQ9~DQ16 

VlH. 

(or DQi~DQ8) 

(INPUTS) 

VlL- 

DQ9~DQi6 

VOH. 

(or DQi—DQs) 
(OUTPUTS) VoL • 


tw!v) 


EvSw 





Mj| 





COLUMN 

ADDRESS 












nnKWVUn 





kSkSkSk^^ 
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hange. 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Early Write Cycle 




LCAS / UCAS 

ViL 

Ao~A9 

VIH 


ViL 

w 

VlH 


ViL 

DQi~DQi6 

VlH 

(INPUTS) 

ViL 

DQi~DQi6 

VOH 

(OUTPUTS) 


r*1*T«T«T< 




>*»■ 







ROW 

ADDRESS 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Byte Early Write Cycle 



DQi ~DQ8 _ 

(or DQ9 ~DQi 6) 
(INPUTS) ViL - 


DQ1 ~ DQs VoH — 
(or DQ9 ~DQi6) 
(OUTPUTS) VOL - 


DQ9~DQi 6 
(or DQi~DQ8) 
(INPUTS) ViL - 



DQ9~DQ16 
(or DQi~DQ 8) 
(OUTPUTS) VoL - 


OE 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Read Cycle 


LCAS / UCAS 


ViL 


ViH 

Ao~A9 

ViL 


ViH 

W 

ViL 

DQi~DQi6 

ViH 

(INPUTS) 

ViL 

DQi~DQi6 

VOH 

(OUTPUTS) 

VOL 



_ tHPC 

tCP . , tCAS 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Byte Read Cycle 


or UCAS viL 


(or LCAS) viL 








DQi~DQ 8 
(or DQ9 ~DQi6) 
(INPUTS) ViL 


DQi~DQ 8 
(or DQ9 ~DQi 6) 
(OUTPUTS) VoL 


DQ 9 ^DQ 16 
(orDQi~DQ8) 
(INPUTS) ViL 


DQ 9 —DQi6 yoh 
( or DQi~DQ 8) 
(OUTPUTS) Vou 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Byte Early Write Cycle 


(or UCAS) ViL 


(or LCAS) viL 



DQt~DQ8 viH, 
(or DQ9 ~DQi6 ) 
(INPUTS) ViL 


DQi~DQ8 
(or DQ9 ~DQi6 ) 
(OUTPUTS) VOL ■ 


DQ9~DQ16 ViH- 
(or DQi~DQ8 ) 
(INPUTS) ViL 




DQ9~DQ16 VOH- 
(or DQi ~DQ8) 
(OUTPUTS) VoL ■ 
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, a final 10 change- 

" HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Read Cycle (Hl-Z control by OE) 



RAS 


LCAS / UCAS 


Ao~A9 


W 


DQi~DQi 6 
(INPUTS) viL - 


DQi~DQi6 

(OUTPUTS) VOL- 


OE 



HHH 

{♦Ji 

eiSiSi 

□ 

tODD 
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MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 
Hyper Page Mode Read Cycle (Hi-Z control by W) 


Some p¥® live 



DQi~DQi 6 
(INPUTS) viL - 


DQi~DQi6 
(OUTPUTS) VOL - 


OE 


VlH- 
VlL - 
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CAS before RAS Refresh Cycle, Extended Refresh Cycle* 



DQi~DQi6 
(INPUTS) viL- 


DQi~DQi6 

(OUTPUTS) VOL- 




\ 
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Hidden Refresh Cycle (Read) (Note so) 


Some 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper / (Lower) Self Refresh Cycle* 


s 


(or LCAS) 


(or UCAS) 


DQi~DQi6 

VIH 

(INPUTS) 

VIL 

DQi~DQi6 

VOH 

(OUTPUTS) 

\/rM 


I_ 

KAiffAiftiAAAil ^ 

I 
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M5I\/I4V16400B JJP-6,-7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 4194304-word by 4-bit dynamic RAMs, 
fabricated with the high performance CMOS process,and is ideai 
for large-capacity memory systems where high speed, low power 
dissipation , and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
In pins and an increase in system densities. 


FEATURES 



_ 

_ 






RAS 

access 

CAS 

access 

Address 

access 

Cycle 

Power 

dissipa¬ 

Type name 

time 

(max.ns) 

fime 

(max.ns) 

time 

(max.ns) 

time 

(max.ns) 

time 

(mln.ns) 

tion 

(typ.mW) 

M5M4V16400BXX-6,-6S 

60 

15 

30 

15 

110 

270 

M5M4V16400BXX-7,-7S 

70 

20 

35 

20 

130 

225 


XX=J,TP 


•Standard 26 pin SOJ,26 pin TSOP 
•Single 3.3V ±10%supply 
• Ljow stand-by power dissipation 

M5M4V16400B.1.8mW (Max)CMOS Input level 

M5M4V16400B(S).0.72mW (Max)CMOS Input level 

•Low operating power dissipation 

M5M4V16400Bxx-6,-6S. 325.0m W (Max) 

M5M4V16400Bxx-7,-7S. 270.0mW(Max) 


•Fast-p age mode , Read-modify-write,RAS-only refresh,CAS 
before RAS refresh. Hidden refresh and Self refresh capabilities 
•Early-write mode and OE to control output buffer impedance 
•All inputs, output TTL compatible and low capacitance 
•4096 refresh cycles every 64ms (Ao ~Aii) 

•4096 refresh cycles every 128ms (Ao ~Aii) * 

*: Applicable to self refresh version only 


APPLICATION 

Main memory unit for computers. Microcomputer memory, 
Refresh memory for CRT 


PIN CONFIGURATION (TOP VIEW) 


(3.3V) Vcc 
DATA INPUTS/ f 

outputs-[dq2 

WRITE CONTROL 7)^ 
INPUT W 
ROW ADDRESS 
STROBE INPUT ® 
C A11 


ADDRESS, 

INPUTS 


(3.3V) Vcc 



H Vss (OV) 

3 DQ4 I DATA 

HNPUTS/ 

3 DQs J OUTPUTS 
SI tttTT column address 
21 CAS STOROBE INPUT 

51 7^ OUTPUT ENABLE 
=1'-''= INPUT 


ADDRESS 

INPUTS 


Vss (OV) 


Outline 26P0D - B (SOOmil SOJ) 


(3.3V)Vcc 

DATA INPUTS/r DQl 
OUTPUTS'! 

LDQ2 

WRITE CONTROL ttt 
INPUT W 
ROW ADDRESS 
STROBE INPUT 


A10 [8 
ADDRESS j ^ 
INPUTS'S Ao li 


(3.3V)VCC 11 



^ Vss (OV) 

^ DQ4 1 DATA 

MNPUTS/ 

^ DQs J OUTPUTS 

n T L - V fT COLUMN ADDRESS 
^ CAS STOROBE INPUT 

™7=5E OUTPUT ENABLE 

input 


.ADDRESS 

INPUTS 


Vss(OV) 


Outline 26P3D - E (SOOmil TSOP) 
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M5M4V16400BJ,TP-6r7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


FUNCTION _ 

TheM5M4V16400BJ, TP provide, in addition to normal read, write, functions, e.g., fast page mode, RAS-only refresh, and 

and read-modify-write operations, a number of other delayed-write. The input conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Oulput 

Refresh 

Remark 

11^1 


W 

OE 



input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Fast page 

mode 

identicai 

Write (Earty write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

APD 

OPN 

YES 

Write (Deiayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

APD 

iVD 

YES 

Read-modify-write 

ACT 

ACT 

ACT 

ACT 

APD 

APD 

APD 

VLD 

YES 

RAS-oniy refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

DNC 

ACT 

DNC 

DNC 

OPN 

VLD 

YES 


Ca^ before RAS refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note ; ACT : active, NAC : nonactive, DNC : don't care, VLD : vaiid, iVD : invaiid,APD : applied, OPN : open 
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IVI5M4V16400B J,TP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symboi 

Parameter 

Conditions 

Vcc 

Supply voltage 


Vi 

Input voltage 

With respect to Vss 

Vo 

Output voltage 


lo 

Output current 


Pd 

Power dissipation 

Ta=25‘C 


Topr I Operating temperature 


Tstg Storage temperature 




Note 1 : All voltage values are with respect to Vss 


ELECTRICAL CHARACTERISTICS (Ta=0~70*C, Vcc=3.3V ±10%, Vss=OV, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits I 

Unit 

muiiii 

BB 

wmm 

VOH 

High-level output voltage 

loH=-2.0mA 

mm 



V 

VOL 

Low-level output voltage 

loL=2.0mA 

0 


■a 

V 

loz 

Off-state output current 

Q floating 0 V^Vout^3.6V 

-10 


mm 


h 

Input current 

0V;SViN ^ 3.6V, Other inputs pins^OV 

-10 


mm 

/rA 

Icci (AV) 

Average supply current 
from Vcc 
operating 

(Note 3,4) 

M5M4V16400B-6,-6S 

RAS, CAS cycling 


■ 

90 

mA 

li«M4V16400B-7,-7S 

output open 

■ 


75 

|CC2 

Suppiy current from Vcc, 
stand-by 

(Note 5) 


RAS= CAS =ViH, output open 



2 

mA 

M5M4V16400B 

RAS= ^=OE=W=Ao~Ai 1 S Vcc -0.2V 
output open 




M5M4V16400B(S) 




ICC3(AV) 

Average supply current 
from Vcc 
refreshing 

(Note 3) 

M5M4V16400B-6,-6S 

RAS cycling, CAS- Vih 

tRC=min. 

output open 



90 

mA 

M5M4Vie400B-7,-7S 

■ 

■ 

75 

|CC4(AV) 

Average supply current 
from Vcc 

Fast-Page-Mode 

(Note 3,4) 

M5M4V16400B-6,-6S 

RAS-Vil, CAS cycling 

■ 

■ 

70 

mA 

M5M4V16400B-7,-7S 

output open 

■ 


60 

|CC6(AV) 

Average supply current 
from Vcc 

CAS before HAS refresh 
mode 

(Note 3) 

M5M4V16400B-6,-6S 

CAS before RAS refresh cycling 

■ 

■ 

90 

mA 

M5M4V16400B-7,-7S 

output open 

■ 


75 

ICCe(AV) 

Averse supply current from 
Vcc txtenoOT refresh 

(Note 5) 

M5M4V16400B(S) 

RAS cycling and CASiS0.2V or 

CAS before RAS refresh cycling 
Vcc-0.2VSOE=W=Ao-Ai 1 S0.2V 
output open, 

tRC=32;<s,tRAS=tRASmin~1 ms 

1 

■ 

B 

mA 

|CCS(AV) 

Average supply current 
from Vcc 

Self-Refresh cyclejfjQjg gj 

M5M4V16400B(S) 

RASsCAS^0.2V,output open 
Vcc-0.2V^OE=W=Ao~AiiS0.2V 

■ 

■ 


mA 



Note 2: Current flowing into an iC is positive, out is negative. 

3: led (AV), tcc3 (AV), Icc4 (AV) and tccO (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: led (AV) and Icc4 (AV) are dependent on output loading. Specified values are obtained with the output open. 


A MITSUBISHI 
ELECTRIC 


5-5 























































































































MITSUBISHI LSIs 

M5M4V16400BJ,TP-6,-7,-68,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~ 70*C, Vcc=3..3V± 10%, VssaOV, unless othenwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 


BB 

Mssa 

Cl(A) 

Input capacitance, address inputs 

Vi=Vss 

f^lMHz 

Vi=25mVrms 



5 

PF 


Input capacitance, Of input 



7 

Pl- 

Ci(W) 

Input capacitance, write control input 



7 

pF 

Cl(R^ 

Input capacitance, RA6 input 



7 

pF 

Ci((5X^ 

Input capacitance, CAS input 



7 

pF 

Ci/o 

Input/Output capacitance, data ports 



7 

pF 


SWITCHING CHARACTERISTICS (Ta=0~ 70*C, Vcc=3.3V ±10%. Vss=0V, unless otherwise noted, see notes 5,12,13) 





Limits 


Symbol 

Parameter 


M5M4V16400B-6,-6S 

M5M4V16400B-7,-7S 

Unit 




Min 

Max 

Min 

Max 


tCAC 

Access time from CAS 

(Note 6.7) 


15 


20 

ns 

tRAC 


(Note 6,8) 


60 


70 

ns 

tAA 

Column address access time 

(Note 6,9) 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 6,10) 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 6) 


15 


20 

ns 

tCLZ 

Output low impedance time from CAS low 

(Note 6) 

5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 11) 

0 

15 

0 

15 

ns 

tOEZ 

Output disable time after OE high 

(Note 11) 

0 

15 

0 

15 

ns 


Note 5; An Initial pau se of 5 00« s Is requ ired a fter power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containin g a R AS clock such as RAS-Only refresh). __ 

Note the RAS may be cycled during the Initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods 
(greater than 64 ms) of RAS Inactivity before proper device operation is achieved. 

6: ^^asured with a load circuit equivalent to V0H=2.4V (lOH— 2mA) / V0L-2mA(l0L-2mA) loads and 10OpF. The reference level for 
measuring of output signals are VOH=2.0V and VOL=0.8V. 

7: Assumes that tRCD S tRCD(max) and tASC^ tASC(max). 

8: Assumes that tRco ^ tRCD(max) and tRAO ^tRAO(max). If tRCD or tRAO is greater than the maximum recommended value shown In this table, 
tRAC will Increase by amount that tRCD exceeds the value shown. 

9: Assumes that tRAO ^ tRAD(max) and tASC^ tASC(max). 

10: Assumes that tcp £i tcp(max) and tAsc ^ tAsc(max). 

11 ; toFFCmax) and toEz (max) defines the time at which the output achieves the high impedance state ( I IoutI ^ 10^ A) and is not reference to 
VOH(min) or V(X.(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 


(Ta=0 ~70^, Vcc=3.3V ±10%, Vss=0V, unless othenwise noted See notes 12,13) 





Limits 


Symbol 

Parameter 


M5M4V16400B-6,-6S 

M5M4V16400B-7,-7S 

Unit 




Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


64 


64 

ms 

tREF 

Refresh cycle time * 


128 


128 

ms 

tRP 

RAS high pulse width 

40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note14) 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(NotelS) 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note16) 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


ns 

tCAH 

Column address hold time after CAS low 

15 


15 


ns 

tozc 

Delay time, data to CAS low 

(Note17) 

0 


0 


ns 

tozo 

Delay time, data to CE low 

(Note17) 

0 


0 


ns 

tCDO 

Delay time, CaS high to data 

(NotelS) 

15 


15 


ns 

tODD 

Delay time. CE'high to data 

(NotelS) 

15 


15 


ns 

tr 

Transition time 

(Note19) 

1 

50 

1 

50 

ns 


Note 12: The timing requirements are assumed tr =5ns. 

13; ViH(min) and ViL(max) are reference levels for measuring timing of input signals. 

14: tRCD(max) is Specified as a reference point only. If tRCO Is less than tRCD(max). access time Is tRAC. If tRco is greater than tRCD(max). access 
time is controlled exclusively by tcAC or tAA. tRCD(min) is specified as tRCD(min) =tRAH(min) ■t-2tH-t-tASCimin). 

15: tRAD(max) Is specified as a reference point only. If tRAC^ tRAO(mex) and tAsc^ tASC(max). access time is controlled exclusively by tAA 
1 6: tASC(max) Is Specified as a reference point only. If tRcc^ tRCD(max) and tAsc^ tASC(max). access time is controlled exclusively by tcAC. 

17: Either tozc or tozo must be satisfied. 

18: Either tcoo or tooo must be satisfied. 

19; tr is measured between ViH(min) and ViMmax). 
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MITSUBISHI LSIs 

M5M4V16400B J,TP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Read and Refresh Cycles _ 

Symbol Parameter 

tRC Read cycle time 

tRAS RaS low pulse width 

tcAS Ca^ low pulse width 

tcsH CAS hold time after RAS low 

tRSH RA§^ hold time after CAS low _ 

tRcs Read Setup time before CAS low 

tRCH Read hold time after CAS high 
tRRH Read hoid time after RAS high 

tRAL Column address to RAS hold time _ 

tocH CAS hold time after ^ low 

toRH RAS hold time after OE low _ 

Note 20: Either tRCH or tRRH must be satisfied for a read cycle. 



Write Cycle (Early Write and Delayed Write) 



Write cycie time 


RAS low puise width 


CAS low pulse width 


CAS hoid time after RAS low 


RAS hold time after CAS low 


Write setup time before CaS low 


Write hold time after CAS low 


CAS hold time after W low 


RAS hold time after W low 


Write pulse width 


Data setup time before CAS low or W low 


Data hold time after CAS low or W low 


OE hold time after W low 



Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

tRWC 

Read write/read modify write cycle time 

tRAS 

RAS low pulse width 

tCAS 

CAS low pulse width 

tCSH 

CaS hold time after RAS low 

tRSH 

RAS hold time after CAS low 

tRCS 

Read setup time before CaS low 

tcwo 

Delay time, CAS low to Wlow 

tRWD 

Delay time, rAS low to W low 

tAWD 

Delay time, address to Wiow 

tCWL 

CAS hold time after W low 

tRWL 

RAS hold time after W low 

tWP 

Write pulse width 

tos 

Data setup time before W low 

tOH 

Data hold time after W tow 

tOEH 

CE hold time after V7 low 



1 Limits V 1 

Unit 

1 M5M4V16400B-6.-6S 

M5M4V16400B-7,-7S 

Min 

Max 

Min 

Max 

(Note21) 

155 


180 


ns 


105 

10000 

120 

10000 

ns 


60 

10000 

70 

10000 

ns 


105 


120 


ns 


60 


70 


ns 



(Note22) 40 


(Note22) 85 




Note 21: tRWC is specified as tRWC(mln)=tRAC(tT»x)-l-tODO(min)+tRWL(min)+tRP(mln)-«-5tr. 

22: twcs, tcwD.tRWD and tAWD and.tcpwo are specifi^ as reference points only. If twcs ^ twcs(niin) the cycle is an early write cycle and the 

DQ pins will remain high imp^ance throughout the entire cycle. If tcwo k tcwD(min). tRwo ^ tRwo (min). tAwo ^ tAWD(min) and tcpwo ^ tcpwo(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will co ntain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or CE goes back to Vih ) is indeterminate. 
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MITSUBISHI LSIs 

M5M4V16400BJ,TP-6,-7,-68,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23 ) 





1 Limits 1 


Symbol 

Parameter 


1 MSM4V16400B-6..6S | 

1 M5M4V16400B-7,-7S | 

Unit 




Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 

40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

85 


95 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note24) 

too 

125000 

115 

125000 

ns 

top 

CAS high pulse width 

(Note25) 

10 

15 

10 

15 

ns 

toPRH 

1 hAS hold time after CAS precharge | 

35 


40 


ns 

toPWD 

1 Delay time, CAS precharge to \Ariow 

(Note22) 1 

60 


65 


ns 


Note 23: All previously specified timing requir emen ts and switching characteristics are applicable to their respective fast page mode cycle. 
24: tRAS<min) is specified as two cycles of CAS input are performed. 

25: tcp(nnx) Is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 26 ) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16400B-6,-6S 

M5M4V16400B-7,-7S 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 


15 


ns 

tRSR 

Read setup time before rAS low 

10 


10 


ns 

tRHR 

Read hold time after RAS low 

10 


15 


ns 


Note 26: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 


Self Refresh Cycle 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16400B-6S 

M5M4V164008-7S 

Min 

Max 

Min 

Max 

tRASS 

Self Refresh RAS low pulse width 

100 


100 


Its 

tRPS 

Self Refresh RaS high precharge time 

110 


130 


ns 

tCHS 

Self Refresh RAS hold time 

-50 


-50 


ns 

tRSR 

Read setup time before RAS low 

to 


10 


ns 

tRHR 

Read hold time after RAS low 

10 


15 

• 

* ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

The last/first full refresh cycles (4K) must be made within tNS/tSN before / after self refresh , on the condition of 
tNs;Si 64 ms and tSN ^ 64 ms. 





DISTRIBUTED REFRESH 
< 4K / 64 ms > 


DISTRIBUTED REFRESH 
<4K/64ms> 


(2) In case of burst refresh 

The last/first full refresh cycles (4K) must be made within tNS/tSN before / after self refresh , on the condition of 
tNS + tSN ^ 64 ms. 


1 -^ 



tSN 


BURST REFRESH 
<4K/64ms> 


BURST REFRESH 
<4K/64ms> 
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MITSUBISHI LSIs 

M5IVI4V16400B J,TP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY4-BIT) DYNAMIC RAM 
TEST Mode SET Cycle ___ 

Limits 

Symbol Parameter M5M4V16400B-6,-6S M5M4V16400B-7,-7s Unit 

Min I Max Min I Max 


twsR W setup time before RAS iow 10 _ 10_ ns 

tWHR W hold time after RAS iow 10 15 ns 
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MITSUBISHI LSIs 

M5M4V16400BJ,TP-6,-7,-68,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Write Cycle (Early write) 
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I\/I5M4V16400BJJP-6,-7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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MITSUBISHI LSIs 

M5M4V16400BJ,TP-6r7,-6Sr7S 

FAST PAGE MODE 16777216-BIT ( 4194304-WORD BY 4-BIT ) DYNAMIC RAM 
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MITSUBISHI LSIs 


M5M4V16400BJ,TP-6,-7,-68,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


RAS-only Refresh Cycle 



DQi~DQ4 
(INPUTS) viL 


DQi~DQ4 Voh 
(OUTPUTS) w„, 



J L irah 


ROW 

.ADDRESS 


ROW 

ADDRESS 
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MITSUBISHI 
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MITSUBISHI LSIs 

M5M4V16400BJJP-6,-7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle 


tRPC tCSR tCHR 


tRPC tCSR I tCHR 


WOOOCC 


1 

tRCH tRSR 

“1 n 

. tRHR tRSR^ 

-J_«_c 



] ■ ROW V COLUMN 
ADDRES^ADDRESS 


DQi~DQ4 Vih 
(INPUTS) viL ■ 


DQi~DQ4 Voh 
(OUTPUTS) VOL 



A 
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MITSUBISHI LSIs 

M5M4V16400B J,TP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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MITSUBISHI LSIs 

M5M4V16400B J,TP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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MITSUBISHI LSIs 

M5M4V16400BJ,TP-6,-7,-63,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Fast Page Mode Write Cycle (Early Write) 


RAS 


CAS 


Ao~Aii 


VlH- 

VlL- 


VlH- 

VlL- 


VlH- 

ViL- 


’V 


tCRP 


tASR. 


tRAS 


tCSH 


tRCD 




fa 


tASC 






tCAS 


tPC 


tCP 


tCAH 




ADDRESsfl0X3([ ^ 

A0~A11 /VW\ Ao~A9 

r 


tCAS 


tCP 


tCAH 


tASC hJ 



tRP 




mm 

■ 

'im 


■ 






♦♦I tASR 
_ 




ROW 

ADDRESS 



DQi~DQ4 Voh- Hi-Z 

(OUTPUTS) voL - 
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M5M4V16400BJ,TP-6r7r6Sr7S 

FAST PAGE MODE 16777216>BIT ( 4194304-WORO BY 4-BIT) DYNAMIC RAM 
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MITSUBISHI LSIs 

M5M4V16400B J,TP-6r7,-6Sr7S 

FAST PAGE MODE 16777216-BIT ( 4194304-WORD BY 4-BIT) DYNAMIC RAM 



A 


MITSUBISHI 

ELECTRIC 

















Self Refresh Cycle 


RAS 


CAS 


VlH- 
VlL - 

VlH- 
VlL - 


Ao~Ai 1 


VlH- 
VlL - 


w 


VlH- 
VlL - 


DQi~DQ4 

(INPUTS) 


VlH- 
VlL - 


DQi~DQ4 

(OUTPUTS) 


VOH - 
VOL “ 


OE 


VlH- 
VlL - 







MITSUBISHI LSIs 

M5M4V16400B J,TP-6r7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


TEST Mode SET Cycle (Note 29) 



w 


VlH- 


VlL- 


DQi~DQ4 Vih- 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 


VOH - 
VOL “ 


OE 


VlH- 

VlL- 



Note 29: The test mode function is initiated by a W and CAS before RAS cycle (WCBR cycle) as specified in timi ng di agram. 

The test mode function is terminated by either a CAS before RAS refresh cycle ( CBR refresh cycle ) or a RAS only refresh cycle. 

During the test mode, the device is internally organized as 16 bits wide (1M bytes depth). No addressing of CAO, CA1 is required. 

During a write cycle, data must be applied to all DQ (input) pins. The data can be different between DQ pins. The data on each DQ pin is written 
into 4 bits memory cells, respectively. During a read cycle, each DQ ( output) pin shows the test result of the 4 bits, respectively. High state 
indicates that they are same. Low state indicates that they are not same. 

During the test mode operation, WCBR cycle can be used to perform refresh. 
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MITSUBISHI LSIs 

M5M4V16400CJJP-5,-6,-7, 

■ -5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 4194304-word by 4-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 


FEATURES 


Type name 

RAS 

acx:ess 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(mln.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

M5M4V16400CXX-5,-5S 

KSI 

mm 


mm 


Bcjcill' 

M5M4V16400CXX-6,-6S 


mm 

— 

mm 

mSEM 

11^1 

M5M4V16400CXX-7,-7S 

mm 

Kil 

msm 

wm 

■ESI 



XX=J,TP 


•Standard 26pin SOJ, 26pin TSOP 
•Single 3.3V±10% supply 
•Low stand-by power dissipation 

1.8mW (Max)-CMOS Input level 

0.72mW (Max) *-CMOS Input level 

•Low operating power dissipation 

M5M4V16400Cxx-5,-5S- -400.0mW (Max) 

M5M4V16400Cxx-6,-6S- -325.0mW (Max) 

M5M4V16400Cxx-7,-7S-270.0mW (Max) 

• Seif refresh capabiiity * 

self refresh current-200.0 /u A(Max) 

• Fast- page mode , Read-modify-write, RAS-only refresh 
•CAS before RAS refresh. Hidden refresh capabilities 

Early-write mode and OE to control output buffer impedance 
•All inputs, output TTL compatible and low capacitance 

• 4096 refresh cycles every 64ms (Ao~Ai i) 

*Applicable to self refresh version(M5M4V16400CJ,TP-5S,-6S,-7S 
:option) only 


APPLICATION 

Main memory unit for computers. Microcomputer memory. Refresh 
memory for CRT 


PIN CONFIGURATION (TOP VIEW) 


vcc |T 


H vss 

DQ1 [J 


2l DQ4 

DQ2 [3 


H DQ3 

W E 


UCAS 

MsE 

S 

Hoe 

All [6 

01 

S 

|f] A9 


< 


AlO [F 

o> 

HAS 

o 

< 

O 

O 

o 

ii A7 

A 1 [To 

c. 

13 A6 

A2|n 


HAS 

A3^ 


ilA4 

VCC Eli 


ni vss 


Outline 26P0D-B (300mil SOJ) 


vcc 

DQ1 

DQ2 

W 

Ms 

An 

A10 

AO 

A1 

A2 

A3 

vcc 


Outline 26P3D-E (300mil TSOP) 


E 


H vss 

[2 


H DQ4 

[3 


M DQ3 

E 


H CAS 

[5 

01 

H OE 

II 

S 

< 

^ A9 


0> 


E 

o 

o 

H As 

E 

O 

H 

il A7 

Eo 


g As 

m 


il AS 



H A4 

E 


u] vss 


PIN DESCRIPTION 


Pin name 

Function 

Ao~Aii 

Address inputs 

DQ 1 -DQ 4 

Data inputs / outputs 

RAS 

Row address strobe input 

CAS 

Column address strobe input 

W 

Write control input 


Output enable input 

Vcc 

Power supply (+3.3V) 

Vss 

Ground (OV) 
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MITSUBISHI LSIs 

M5M4V16400CJ,TP-5,-6r7r5S,-6Sr7S 


PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


FUNCTION 

The M5M4V16400CJ, TP provide, in addition to normal read, write, e.g., fast page mode, RAS-only refresh, and delayed-write. The 

and read-modify-write operations, a number of other functions, inputconditionsfor each are shown in Table 1. 


art 

Sofo® c 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Oulput 

Refresh 

Remark 

R^ 



OE 

■csm 


Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Fast 

page 

mode 

identical 


ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

I Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 


ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

RAS-oniv refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

NAC 

ACT 

APD 

DNC 

OPN 

VLD 

YES 


Self refresh 

ACT 


NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


CAS before RAS refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-bv 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note : ACT ; active, NAC : nonactive, DNC ; don't care, VLD : valid, IVD ; invalid, APD : applied, OPN : open 


BLOCK DiAGRAM 


COLUMN ADDRESS _ 

STROBE INPUT CAS 
ROW ADDRESS 
STROBE INPUT 


WRITE CONTROL 
INPUT 


VCC (3.3V) 
VSS (OV) 



DATA 

INPUTS/OUTPUTS 


OE OUTPUT ENABLE 
INPUT 
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MITSUBISHI LSIs 

M5M4V16400CJ,TP-5,-6r7r5Sr6S,-7S 

. 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-0.5 ~ 4.6 

V 

Vi 

Input voltage 

■0.5 ~ 4.6 

V 

Vo 

Output voltage 

-0.5 ~ 4.6 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25°C 

1000 

mW 

Topr 

Operating temperature 


0~70 

•c 

Tstg 

Storage temperature 


-65 ~ 150 

*0 


eunhnS'' 


ECt to chtt'tae 


RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C, unless othenvise noted) (Note 1) 


Symbol 

Parameter 

Vcc 


Vss 


VIH 

High-level input voltage, all inputs 

VIL 

Low-level input voltage, all inputs 


Limits 

Min 

Norn 

Max 

3.0 

3.3 

3.6 

0 

0 

0 

2.0 



IEEIB 





Note 1 : All voltage values are with respect to Vss. 

* *: VlL(min.) is -2.0V when undershoot width is less than 25ns. (Undershoot width is with respect to Vss.) 


ELECTRICAL CHARACTERISTICS (Ta=0~70“C, Vcc=3.3V±10%, Vss=0V, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits I 

Unit 

Min I 

BS 

Max 

VOH 

High-level output voltage 

loH=-2.0mA 



Vcc 

V 

VOL 

Low-level output voltage 

ioL=2.0mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating 0 V^Vout^3.6V 

-10 


10 

ma 

11 

Input current 

OV ^ViN ^ 3.6V. Other inputs oins=0V 

-10 


10 

fiA 

Icci (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4) 

M5M4V16400C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



110 

mA 

M5M4V16400C-6,-6S 



90 

M5M4V16400C-7,-7S 



75 

|CC2 

Supply current from Vcc, stand-by (Note 5) 

RAS= CAS =ViH, output open 



2 

mA 

R^= CAS ^ Vcc-0.2 V 



0.5 

|CC3 (AV) 

Average supply current 
from Vcc, refreshing 

(Note 3) 

M5M4V16400C-5,-5S 

RAS cycling, CAS= Vm 

tRC=:min. 

output open 



110 

mA 

M5M4V16400C-6,-6S 



90 

M5M4V16400C-7,-7S 



75 

ICC4(AV) 

Average supply current 
from Vcc, Fast-Page- 
Mode (Note 3,4) 

M5M4V16400C-5,-5S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



80 

mA 

M5M4V16400C-6,-6S 



70 

M5M4V16400C-7.-7S 



60 

lCC6(AV) 

Average supply current 
from Vcc. CAS before RAS 
refresh mode (Note 3) 

M5M4V16400C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



110 

mA 

M5M4V16400C-6,-6S 



90 

M5M4V16400C-7,-7S 



75 


Note 2; Current flowing into an 1C is positive, out is negative. 

3: Icci (AV), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4; iCCt (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 


CAPACITANCE (Ta=0~70*C, Vcc=3.3V ±10%, Vss=0V, unless otherwise noted) 




Parameter 

Test conditions 

Input capacitance, address inputs 


Input capacitance, OE input 


Input capacitance, write control input 

f=1MHz 

Vi-25mVrms 

Input capacitance, RAS input 

Input capacitance, CAS input 


Input/Output capacitance, data ports 
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M5M4V16400CJ,TP-5,-6,-7,-5S,-6Sr7S 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


SWITCHING CHARACTERISTICS(Ta=0~70*C, Vcct=3.3V±10%, Vss=0V, unless otherwise noted, see notes 5,12,13) 





Limits 


Symbol 

Parameter 


M5M4V16400C-5,-5S 

M5M4V16400C-6,-6S 

M5M4V16400C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tCAC 

Access time from CAS 

(Note 6,7) 


13 


15 


20 

ns 

tRAC 


(Note 6,8) 




60 


70 

ns 

tAA 

Column address access time 

(Note 6,9) 


25 


30 


35 

ns 

tCPA 

Access time from CAS orecharae 

(Note 6,10) 


30 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 6) 


13 


15 


20 

ns 

tCLZ 

Output low impedance time from CAS low 

(Note 6) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 11) 

0 

mm 

0 

15 

0 

15 

ns 

tOEZ 

Output disable time after OE high 

(Note 11) 

0 

mm 

0 

15 

0 

15 

ns 


Note 5:An initial paus e of 500/:/ s is required aft er po wer-up follow ed by a minimum of eight initialization RAS cycles. The initialization cycles should be done 
either by RAS-only refresh cycles or by CAS before RAS refresh cycles o nly. 

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 64ms) of 
RAS inactivity before proper devic e operation is achieved. 

After the initialization cycles, RAS should be kept either higher than VlH(min) or lower than VlL(max) except RAS transition time. 

6;Measured with a load circuit equivalent to 2TTL loads and lOOpF. The reference levels for measuring of output signals are 2.0V (VOH) and 0.8V (VOL). 
7:Assumes that tRCDStRCD(max) and tASCStASC(max). 

8;Assumes that tRCD ^tRCD(max) and tRAD^ tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC will 
increase by amount that tRCD exceeds the value shown. 
giAssumes that tRAD^tRAD(max) and tASC^tASC(max). 
lOrAssumes that tCP,^tCP(max) and tASC ^tASC(max). 

11 :tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (louT S|±10 A |) and is not reference to VOH(min) 
or VOL(max). 


Sorf>« . C, 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 

(Ta=0-70''C,Vcc=3.3V±10%,Vss=0V, unless otherwise noted, see notes 12,13) 





Limits 


Symbol 

Parameter 


M5M4V16400C-5,-5S 

M5M4V16400C-6,-6S 

M5M4V16400C-7,-7S 

Unit 




Min 


mrnm 



Max 


tREF 

Refresh cycle time 


64 


64 


64 

ms 

tRP 

RAS high pulse width 

30 


40 


50 


ns 

tRCD 

Deiay time, RAS low to CAS low 

(Note 14) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


10 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 




0 


ns 

tCPN 

CAS high pulse width 

10 


10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 15) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 16) 

0 

10 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

13 


15 


15 


ns 

tDZC 

Delay time, data to CAS low 

(Note 17) 

0 




0 


ns 

tDZO 

Delay time, data to OE low 

(Note 17) 

0 




0 


ns 

tCDD 

Delay time, CAS high to data 

(Note 18) 

13 


15 


15 


ns 

tODD 

Delay time, OE high to data 

(Note 18) 

13 


15 


15 


ns 

tr 

Transition time 

(Note 19)' 

. 1 


1 

50 

1 

50 

ns 


Note 12:The timing requirements are assumed tT^Sns. 

13:VlH{min) and VlL(max) are reference levels for measuring timing of input signals. 

14:tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is iRAC. If tRCD is greater than tRCD(max), access time is 


controlled exclusively by tCAC or tAA. tRCD(min) is specified as tRCD(min) =tRAH(min) +2tH+tASC(min). 

15;tRAD(max) is specified as a reference point only. If tRAD ^tRAD(max) and tASC S tASC(max), access time is controlled exclusively by tAA. 

16:tASC(max) is specified as a reference point only. If tRCD ^tRCD(max) and tASC S; tASC(max), access time is controlled exclusively by tCAG 
17: Either tDZC or tDZO must be satisfied. 

18;Either tCDD or tODD must be satisfied. 

19:tr is measured between VlH(min) and ViL(max). 
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MITSUBISHI LSIs 

M5M4V16400CJ,TP-5,-6r7r5Sr6Sr7S 


fast page mode 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Read and Refresh Cycles 




Limits 


M5M4V16400C-5,-5S M5M4V16400C-6,-6S M5M4V16400C-7,-7S 


Read cycle time 


RAS low pulse width 


CAS low pulse width 


CAS hold time after RAS low 


Read setup time after CAS hioh 


Read hold time after CAS low 


Read hold time after RAS low 


Column address to RAS hold time 




Note 20: Either tRCH or tHRH must be satisfied for a read cycle. 



Write Cycle (Early Write and Delayed Write) 
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M5M4V16400CJ,TP-5,-6,-7,-5S,-6S,-7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16400C-5,-5S 

M5M4V16400C-«,-6S 

M5M4V16400C-7,-7S 

Min 

Max 

Min 


Min 


tRWC 

Read write/read modify write cycle time (Note 21) 

131 


155 


■nsi 


ns 

tRAS 

RAS low pulse width 

91 

IIAfiM 

105 


Mfm 

kitiiiiiii 

ns 

tCAS 

CAS low pulse width 

54 


60 


70 


ns 

tCSH 

CAS hold time after RAS low 

91 


105 


120 


ns 

tRSH 

RAS hold time after CAS low 

54 


60 


70 


ns 

tRCS 

Read setup time before CAS low 

0 




0 


ns 

tCWD 

Delay time, CAS low to W low (Note 22) 

36 


40 


45 


ns 

tRWD 

Delay time, RAS low to W low (Note 22) 

73 


85 


95 


ns 

tAWD 

Delay time, address to W low (Note 22) 

48 


55 


60 


ns 

tCWL 

CAS hold time after W low 

13 


15 


20 


ns 

tRWL 

RAS hold time after W low 

13 


15 


Kl 


ns 

tWP 

Write pulse width 

8 


10 


10 


ns 

tDS 

Data setup time before W low 

0 


0 


0 

\ 

ns 

tDH 

Data hold time after W low 

8 


10 


15 


ns 

tOEH 

OE hold time after Wlow 

WKEM 


15 


15 


ns 


Note 21:tRWC is specified as tRWC(min)=tRAC(max)+tODD(nnin)+tRWL(min)+tRP(min)+5tT. 

22;tWCS, tcWD, tRWO and tAWD and, tCPWD are specified as reference points only. It tWCsStWCSfmin) the cycie is an early write cycle and the DQ pins will 
remain high impedance throughout the entire cycle. If tcWD^tCWD(min), tRWD^tRWD (min), tAWO^tAWD(min) and tcPWD^tcPWD(min) 

(for fast page mode cycle only), the cycle is a read-modify-write cycie and the DQ will co ntain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 





Limits 


Symbol 

Parameter 


M5M4V16400C-5,-5S 

M5M4Vie400C-«,-6S 

M5M4V16400C>7,-7S 

Unit 




Min 


Min 





tPC 

Fast page mode read/write cycle time 

35 


40 


mm 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

76 


85 


95 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note 24) 

85 

CBS 

100 


115 

KSS] 

ns 

tCP 

CAS high pulse width 

(Note 25) 

8 

12 

10 

15 

10 

15 

ns 

tCPRH 

RAS hold time after CAS precharge 

30 


35 


40 


ns 

tCPWD 

Delay time, CAS precharge toW low 




60 


65 


ns 


Note 23; All previously specified timing require ments and switching characteristics are applicable to their respective fast page mode cycle. 
24: tRAS(min) is specified as two cycles of CAS input are performed. 

25: tCP(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 26) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16400C-5,-5S 

M5M4V16400C-6,-6S 

M5M4V16400C-7,-7S 

Min 

Max 

Min 

BSSI 

Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 


10 


15 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 


10 


10 


— 


ns 


Note 26: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operaf ion of CAS before RAS refresh mode. 
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MITSUBISHI LSIs 

M5M4V16400CJ,TP-5r6r7r5Sr6S,-7S 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/-6S / -7S. The other characteristics and requirements than the below are 
same as normal devices. 


ELECTRICAL CHARACTERISTICS(T a=0~70*C, Vcc=3.3V±10%, Vss=0V, unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

SB 

Max 

lCC8(AV) 

Average supply current 
from Vcc 

Slow-Refresh cycle 

(Note 5) 

M5M4V16400C (S) 

CAS before RAS refresh cycling 
or RAS cycling & CAS ^0.2V 
^&WE^0.2V 
or OE&WE ^Vcc-0.2V 

Ao~ All^0.2V 
or Ao ~ All ^Vcc-0.2V 
tREF=128ms (4096cycles) 
output = OPEN 
tRAS=tRAsmin. ~1 ju s 



500 

aA 

lCC9(AV) 

Average supply current 
from \?cc 

Self-Refresh cycle 

(Note 5) 

M5M4V16400C (S) 

RAS = CAS ^ 0.2V 
output = OPEN 

■ 

■ 

200 

aA 


TIMING REQUIREMENTS (Ta=0~70”C, Vcc=3.3V ±10%, Vss=0V, unless otherwise noted, see notes 12,13) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16400C-5S 

M5M4V16400C-6S 

M5M4V16400C-7S 

Min 

Max 

Min 


Min 

Max 

tRASS 

Self Refresh RAS low pulse width 



100 


100 


AS 

tRPS 

Self Refresh RAS hiah orecharqe time 

90 


110 


130 


ns 

tCHS 

Self Refresh RAS hold time 

-50 


-50 


-50 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 


10 


10 


15 


ns 




Some 




SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (4K) must be made within tNS / tsN before / after self refresh, on the condition of tNS^64ms and 
tSN^64ms. 



K 


Self refresh period 



DISTRIBUTED REFRESH 
< 4K / 64 ms > 


DISTRIBUTED REFRESH 
< 4K / 64 ms > 


(2) In case of burst refresh 

The last / first full refresh cycles (4K) must be made within tNS / tSN before / after self refresh, on the condition of tNS+tSN^64ms. 



BURST REFRESH 
< 4K / 64 ms > 




tSN 


Self refresh period 



BURST REFRESH 
< 4K / 64 ms > 
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M5M4V16400CJ,TP-5,-6,-7,-5S,-6S,-7S 
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FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


TEST Mode SET Cycle 



Note 27:The test mode function is initiated by a W*and C AS be fore R AS cyc le (WCBR cycle) as specified in timing diag ram. 

The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 

During the test mode, the device is internally organized as 16-bits wide (1M bytes depth). No addressing of CAo and CAi is required. 

During a write cycle, data must be applied to all DQ (input) pins. The data can be different between DQ pins. The data on each DQ pin is written into 
4-bits memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 4-bits, respectively. High state indicates 
that they are same. Low state indicates that they are not same. 

During the test mode operation, only WCBR cycle can be used to perform refresh. 
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M5M4V16400CJ,TP-5r6r7,-5Sr6Sr7S 


PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Timing Diagrams (Note 28) 
Read Cycle 


SomeP**'® C 



DQi~DQ4 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 


OE 



Note 28 



Indicates the don't care input. 
VlH(min)SVINSVlH(max) or VIL(min)^ViN^VlL(max) 



Indicates the invaiid output. 


A MITSUBISHI 
ELECTRIC 


5 - 31 













MITSUBISHI LSIS 

M5M4V16400CJ,TP-5r6r7,-5Sr6S,-7S 


. a iina’®P®‘^u;rrt’to change- 

oa^metric Vimhs af® 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Write Cycle (Early write) 



DQi~DQ 4 Hi-Z 

(OUTPUTS) voL- 
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FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V16400CJ,TP-5,-6,-7,-58,-68,-78 


Notices 

" FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V16400CJ,TP-5r6,-7,-5S,-6Sr7S 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


RAS-only Refresh Cycle 





DQi ~DQ4 
(INPUTS) 



DQi~DQ 4 Hi-Z 

(OUTPUTS) voL- 


OE 
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PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle, Slow Refresh Cycle 




. Th^s i'f® 



DQi~DQ4 

(INPUTS) 



tOFF 
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FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 29) 
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M5M4V16400CJ,TP-5,-6,-7r5S,-6S,-7S 




FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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I\/I5M4V16400CJ,TP-5,-6,-7r5Sr6S,-7S 

PAGE MODE 16777216>BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Fast Page Mode Read-Write,Read-Modify-Write Cycle 


Sori« P®'® C 


RAS 


CAS 


Ao~Aii 


W 


DQi~DQ4 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 


OE 
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M5M4V16400CJ,TP-5,-6,-7,-5S,-6Sr7S 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Self Refresh Cycle 




DQi~DQ4 

(INPUTS) 




DQi~DQ4 

(OUTPUTS) 



Hi-Z 


OE 


VlH- 

VlL- 
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M5M4V16400CJ,TP-5,-6r7r5Sr6S,-7S 




Som® 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


TEST Mode SET Cycle 


RAS 


CAS 


Ao~Aii 



W 


VlH- 

VlL- 


DQi ~DQ4 
(INPUTS) 



DQi~DQ4 

(OUTPUTS) 


OE 



JOFF 

r 

Hi-Z 

/ 

tOEZ 








Note 30: This cycle can be used for initialized cycle after power-up, however entried into Test Mode. 
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M5M4V16405C J,TP-5,-6,-7, 

-5Sr6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 4194304-word by 4-bit dynamic RAMs with 
Hyper Page mode fuction, fabricated with the high performance 
CMOS process, and is ideal for large-capacity memory systems 
where high speed, low power dissipation, and low costs are 
essential. 

The use of double-layer metal process combined vyith twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self refresh current is low enough for 
battery back-up application. 


FEATURES 


Type name 

RAS 
access 
time 
(max. ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

OE 

access 
time 
(max. ns) 

Cycle 

time 

(min.ns) 

H 

M5M4V16405CXX-5,-5S 


mm 

li^SI 

mm 

KS 

ESSI 

M5M4V16405CXX-6,-6S 

■SI 

mm 


mm 

■iS 

ESI 


mm 

wm 


mm 

BIcW 



XX=J.TP 


•Standard 26pin SOJ, 26pin TSOP 
•Single 3.3V ± 10% supply 
•Low stand-by power dissipation 

1.80mW (Max).-.CMOS Input level 

0.72mW (Max) *.-..CMOS Input level 

•Low operating power dissipation 

M5M4V16405Cxx- 5,-5S ..400mW (Max) 

M5M4V16405Cxx-6,-6S----325mW (Max) 

M5M4V16405Cxx-7,-7S ..-.270mW (Max) 

•Self refresh capability * 

Self refresh current.-.200//A(Max) 

•Hyper pag e mode (102 4-colu mn ran dom a ccess), Read-modify- 
write, RAS-only refresh, CAS before RAS refresh. Hidden refresh 
capabilities. _ _ 

Early-write mode, OE and W to control output buffer impedance 
•All inputs, outputs TTL compatible and low capacitance 
•4096 refresh cycles every 64ms (Ao ~Aii) 

* :Applicable to self refresh version (M5M4V16405CJ,TP-5S,-6S, 
-7S:option) only 

APPLICATION 

Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN DESCRIPTION 


PIN CONFIGURATION (TOP VIEW) 


vcc □! 


^ vss 

DQl H 


HI dq4 

DQ2 H 


HI DQ3 



H CAS 

RAS H 


HI OE 

All E 

s 

$ 

2j] A9 

AlO [8 

S 

S 

ra] AS 

Ao 

2 

iH A7 

At Qo 


it] A6 

A2 E 


iU AS 

A3 M 


iH A4 

Vcc El 


iU vss 

Outline 26P0D-B (300mil SOJ) 

vcc [T 


M vss 

DQl [1 


53 DQ4 

DQ2 E 


HI dq3 

"w E 


ill CAS 

■RAS E 

s 

01 

HI'oe 

All E 

3 

$ 

HI A9 


A 


AlO E 

1 

H As 

AO E 

3 

isl A7 

Al [To 


izl As 

A2 E 


H AS 

A3 E 


IS A4 

VCC El 


SI vss 

Outline 26P3D-E (300mil TSOP) 


Pin name 

Function 

Ao~Aii 

Address inputs 

DQi~DQ4 

Data inputs/outputs 


Row address strobe input 

CaS 

Column address strobe input 

W 

Write control input 

OE 

Output enable input 

Vcc 

Power supply (-(-3.3V) 

Vss 

Ground (OV) 
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M5M4V16405CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


FUNCTION 

In additidn to Hyper Page Mode, normal read, write and read- of other functions, e.g., R^-only refresh, and delayed-write. The 

modify-write operations the M5M4V16405CJ,TP provides a number input conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

Remark 

RAS 

mais^ 

■n 

OE 

msBam 

miWmm 

Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Hyper 

page 

mode 

identical 

Write (Early write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 

Read-modifv-write 

ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

RAS-only refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

NAC 

ACT 

APD 

DNC 

OPN 

VLD 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


CAS before RAS refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note : ACT: active, NAC: nonactive, DNC: don't care, VLD : valid, IVD : invalid, APD: applied, OPN : open 


BLOCK DIAGRAM 



A MITSUBISHI 
ELECTRIC 


5 - 45 












































































































MITSUBISHI LSIs 

M5M4V16405CJ,TP-5r6,-7r5Sr6Sr7S 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


1 Symbol | 

Parameter 

Conditions 

Ratings 

Unit 


Supply voltage 

With respect to Vss 

-0.5 ~ 4.6 

V 

Vi 

Input voltage 

-0.5 ~ 4.6 

V 

Vo 

Output voltage 

-0.5-4.6 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25“c 

1000 

mW 

Topr 

Operating temperature 


0-70 

*C 

Tstg 

Storage temperature 


-65-150 

“C 


some paf® HYPF 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70”C, unless otherwise noted) (Notet) 





Note 1: All voltage values are with respect to Vss. 

**: VlL(min.) is -2.0V when undershoot width Is less than 25ns. (Undershoot width is with respect to VSS.) 


ELECTRICAL CHARACTERISTICS (Ta=0~70“C, Vcc=3,3V±10%, Vss=0V, unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

Min 1 

■SSI 


VOH 

High-level output voltage 

IOH=-2.0mA 



Vcc 

V 

VOL 

Low-level output voltage 

lou=2.0mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating, OV ^V OUT ^ 3.6V 

-10 


10 

ma 

11 

Input current 

OV^ VtN^+3.6V, Other inputs pins=0V 

-10 



aa 

ICC1 (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M4V16405C-5,-5S 

RAS, CAS cycling 
tRc=twc=min. 
output open 



■HEI 

mA 

M5M4V16405C-6,-6S 



90 

M5M4V16405C-7,-7S 



75 

|CC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

R^= CAS ^Vcc -0.2V. output open 



■ESI 

|CC3(AV) 

Average supply current 
from Vcc, RAS only 
refresh mode (Note 3,5) 

M5M4V16405C-5.-5S 

RAS cycling, CAS= Vih 

tRC=min. 

output open 



1 110 1 

mA 

M5M4V16405C-6,-6S 




M5M4V16405C-7,-7S 



1 75 1 

|CC4(AV) 

Average supply current 
from Vcc, Hyper Page 
Mode (Note 3,4,5) 

M5M4V16405C-5,-5S 

RAS=Vil, CAS cycling 

tHPc=min. 

output open 



Klil 

mA 

M5M4V16405C-6,-eS 



115 

M5M4V16405C-7,-7S 



90 

ICC6(AV) 

Average supply current 
from Vcc, CAS before RAS 
refresh mode (Note 3,5) 

M5M4V16405C-5,-5S 

CAS before RAS refresh cycling 

tRc=min. 

output open 



110 

mA 

M5M4V1640506,-68 



90 

M5M4V16405C-7,-7S 



WMM 


Note 2; Current flowing into an IC Is positive, out Is negative. 

3: icci (AV), iCC3 (AV), iCC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICC 1 (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

5: Under condition of coiumn address being changed once or less while RAS=V IL and CAS=VlH 


CAPACITANCE (Ta=0~70*Ci Vcc=3.3V±10%, Vss=0V, unless othenwise noted) 


Symbol 

Parameter 

Test conditions 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

Cl (CLK) 

Input capacitance, clock inputs 

f=1MHz 

Ci/o 

Input/Output capacitance, data ports 

Vi=25mVrms 
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M5M4V16405CJ,TP-5,-6,-7,-5S,-6Sr7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


SWITCHING CHARACTERISTICS (Ta=0~70''C, Vcc = 3.3V ±10%, Vss=0V, unless otherwise noted, see notes 6,14,15) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16405C-5,-5S 

M5M4V16405C-6,-6S 

ReM4V16405C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCAC 


(Note 7,8) 


13 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note 7,9) 


50 


60 


70 

ns 

tAA 

Column address access time 

(Note 7,10) 


25 


30 


35 

ns 

tCPA 

Access time from CAS precharae 

(Note 7,11) 


30 


35 


40 

ns 

tOEA 

Access time from OE 

■■BMSEi! 




15 


20 

ns 

tOHC 

Output hold time from CAS high 

(Note 13) 

5 


5 


5 


ns 

tOHR 

Output hold time from RAS high 

(Note 13) 

5 


5 


5 


ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


5 


ns 

tOEZ 

Output disable time after OE high 

(Note 12) 


13 


15 


20 

ns 

tWEZ 

Output disable time after WE high 

(Note 12) 


13 


15 


20 

ns 

tOFF 

Output disable time after CAS high 

(Note 12,13) 


13 


15 


20 

ns 

tREZ 

Output disable time after RAS high 

(Note 12,13) 


13 


15 


20 

ns 

tDOH 


5 


5 


5 


ns 


Note 6:An initial pause of 500 /< s is required after power-up follow ed by a minimum of eight initialization RAS cycles. The initialization cycles should be done 
either by RAS -only refresh cycles or by CAS before RAS refresh cycles o nly. _ 

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 64ms) of 

RaS inactivity before proper devic e operation is achieved. _ 

After the initialization cycles, RAS should be kept either higher than V iH(mln) or lower than VlL(max) except RAS transition time. 

7:Measured with a load circuit equivalent to fOOpF. 

The reference levels for measuring of output signals are 2.0V(VpH) and 0.8V(VOL). 

8;Assumes that tRCD^tRCD(max) and tASC^tASC(max) and tCP^ tCP(max). 

9;Assumes that tRCD^tRCDfmax) and tRAD^tRAD(max). If tRCD or tRAD Is greater than the maximum recommended value shown In this table, tRAC will 
increase by amount that tRCD exceeds the value shown. 

10:Assumes that tRAD^ tRAO(niax) and tASC^tASC(max). 

11 :Assumes that tCP^tCPfmax) and tASC^tASC(max). 

12:tOEZ (max), tWEZ(max), tOFF(max) and tREZ(max)defines the time at which the output achieves the high impedance state (I OUT^ | ± 10/^ a| ) and Is not 

reference to VOH(min) or VO L(max) . _ ‘ 

13:Output is disabled after both RAS and CAS go to high. 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 

(Ta=0 ~70”C, Vcc = 3.3V ±10%, Vss=0V, unless otherwise noted, see notes 14,15) 





Limits 


Symbol 

Parameter 


M5M4V16405C-5,-5S 

M5M4yi6405C-6,-6S 

M5M4V16405C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


64 


64 


64 

ms 

tRP 


30 


40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 16) 

18 

32 

20 

38 

20 

42 

ns 

tCRP 


5 


5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


0 


ns 

tCPN 

CAS high pulse width 

8 


10 


13 


ns 

tRAD 

Column address delay time from RAS low 

(Note 17) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 18) 

0 

10 

0 

13 

0 

13 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

8 


10 


10 


ns 

tDZC 

Delay time, data to CAS low 

(Note 19) 

0 


0 


0 


ns 

tDZO 

Delay time, data to OE*low 

(Note 19) 

0 


0 


0 


ns 

tRDD 

Delay time. RAS high to data 

(Note 20) 

13 


15 


20 


ns 

tCDD 

Delay time, CAS high to data 

(Note 20) 

13 


15 


20 


ns 

tODD 

Delay time, OE high to data 

(Note 20) 

13 


15 


20 


ns 

tr 

Transition time 


1 


1 

50 

1 

50 

ns 


Note 14: The timing requirements are assumed tT=2ns. 

15: VlH(min) and VlL(max) are reference levels for measuring timing of input signals. 

16: tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tAA. 

17: tRAO(max) is specified as a reference point only. If tRAD^tRAD(max) and tASC^tASC(max), access time is controlled exclusively by tAA. 

18: tASC(max) is specified as a reference point only. If tRCDStRCD(max) and tASCatASC(max), access time is controlled exclusively by tCAC. 

19: Either tDZC or tDZO must be satisfied. 

20: Either tRDD or tCDD or tODD must be satisfied. 

21: tr is measured between VlH(min) and VlL(max). 
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MITSUBISHI LSIs 

M5M4V16405CJ,TP-5r6r7,-5Sr6Sr7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16405C-5,-5S 

M5M4V16405C-6,-6S 

M5M4V16405C-7,-7S 

KB 


KB 


KB 


tRC 

Read cycle time 



BQi 




ns 

tRAS 


■ESI 


60 




ns 

tCAS 


8 




wmm 


ns 

tCSH 

CAS hold time after RAS low 



48 


KB 


ns 

tRSH 

■ 111 Ml IIM 1 M II 11 II 1— l—i— 

wsm 


■ai 


MB3i 


ns 

tRCS 

Read SetUD time before CAS low 

0 




IIKlil 


ns 

tRCH 

Read hold time after CAS high (Note 22) 

0 






ns 

tRRH 

Read hold time after RAS hloh (Note 22) 

miQiii 


Hd 


0 


ns 

tRAL 

Column address to RAS hold time 



30 


■Eai 


ns 

tCAL 

Column address to CAS hold time 

mm 


18 


lEI 


ns 

tORH 

RAS hold time after OE low 

mm 


15 




ns 

tOCH 


mm 


mm 


20 


ns 


Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16405C-5,-5S 

M5M4V16405C-6,-$S 

M5M4V16405C-7,-7S 

Min 

Max 

Min 

Max 

Min 


twc 

Write cycle time 



gflK 


■ESI 


ns 

tRAS 

RAS low pulse width 

50 


60 

KWiBTil 

70 


ns 

tCAS 

CAS low pulse width 

8 


10 

BRWtM 

13 


ns 

tCSH 


40 


48 


55 


ns 

tRSH 

^mmim^i^mmmmm^mmmm 

13 


15 


20 


ns 

twcs 

Write setup time before CAS low (Note 24) 



0 


■Oi 


ns 

tWCH 


8 


10 


13 


ns 

tCWL 

CAS hold time after W low 

8 


10 


13 


ns 

tRWL 

RAS hold time after W low 

8 


10 


13 


ns 

tWP 

Write pulse width 

8 


10 


13 


ns 

tos 

Data setup time before CAS low or W low 

0 


0 


0 


ns 

tOH 

[t ■ 111 Il:v:) 1 Cl 

8 


10 


13 


ns 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16405C-5,-5S 

MSM4V16405&«,-6S 

MSM4V16405C-7,-7S 

Min 

Max 

Min 

Max 

Min 

UMIfl 

tRWC 

Read write/read modify write cycle time (Note 23) 

■E9 


■ESI 




ns 

tRAS 

RAS low pulse width 

75 


89 


107 


ns 

tCAS 

CAS low pulse width 

38 

IW«!»M 

44 


57 


ns 

tCSH 

CAS hold time after RAS low 

70 


82 


99 


ns 

tRSH 

^msms^T^^^mmmmm 

38 


44 


57 


ns 

tRCS 

Read setup time before C^ low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 24) 

28 


32 


42 


ns 

tRWD 

Delay time, RAS low to W low (Note 24) 

65 


77 


92 


ns 

tAWD 

Delay time, address to W low (Note 24) 

40 


47 


57 


ns 

tOEH 

OE hold time after W low 

13 


15 


20 


ns 


Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(mir>)+tRP(tnin)+4tT. 

24: twcs, tCWO, tRWD and tAWD and, tCPWD are specified as reference points only. If tWCSS^tWCSfmin) the cycle is an early write cycle and the DQ pins 
will ramain high impedance throughout the entire cycle. If tCWDitCWDfmin), tRWD^tRWD(tnin), tAWD^tAWD(min) and tCPWD^tCPWD(min) (for hyper 
page mode cycle only), the cycle is a read-modify-write cycl e and the DQ will contain the data read from the selected address. If neither of the above 
condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) Is Indeterminate. 
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MITSUBISHI LSIs 

M5M4V16405CJ,TP-5,-6,-7r5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hyper page Mode Cycle 

(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16405C-5,-5S 

M5M4V16405C-6,-6S 

M5M4 VI 640507,-78 

Min 

Max 

Min 

Max 

Min 

Max 

tHPC 

Hyper page mode read/write cycle time (Note 26) 

20 


25 


30 


ns 

tHPRWC 

Hyper Page Mode read write / read modify write cycie time 

57 


66 


79 


ns 

tRAS 

RAS iow pulse width for read or write cycie (Note 27) 

65 

iMinmn 

77 


92 


ns 

tCP 

CAS high puise width (Note 28) 

8 

13 

10 

16 

13 

16 

ns 

tCPRH 

RaS hoid time after CaS precharge 

28 


mm 


38 


ns 

tCPWD 

Deiav time. CAS precharge to W iow (Note 24) 

43 


50 


60 


ns 

tCHOL 

Hold time to maintain the data Hi-Z until CAS access 

7 


7 


7 


ns 

tOEPE 


7 


7 


7 


ns 

tWPE 

W Pulse Width (Hi-Z control) 

7 


7 


7 


ns 

tHCWD 

Delay time, CAS low to W low after read 

28 


32 


42 


ns 

tHAWD 

Delay time. Address to W low after read 

wmm 


47 


57 


ns 

tHPWD 

Delay time, CAS precharge to W iow after read 

43 


50 


60 


ns 

tHCOD 

Delay time, CAS low to OE high after read 

13 


15 


20 


ns 

tHAOD 

Delay time. Address to OE high after read 

25 


30 


35 


ns 

tHPOD 

Delay time, CAS precharge to OE high after read 

28 


33 


38 


ns 


Note 25; All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26: tHPC(min) is specified in the case of read-only and early write-only in Hyper Page Mode. 

27: tRAS(min) is specified as two cycles of CAS input are performed. 

28: tCP(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 29) 


Symbol 

Parameter 

Limits 

Unit 

M5M4 VI640505,-58 

M5M4V16405O6,-6S 

M5M4V16405O7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

5 


5 


5 


ns 

tCHR 

CAS hold time after RAS low 

10 


10 


15 


ns 

tCAS 

CAS low pulse width 

17 


17 


22 


ns 

tRSR 

Read setup time before RAS low 

5 


5 


5 


ns 

tRHR 


HEH 


10 


15 


ns 


Note 29; Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 


Hidden Refresh Cycle (Note 30) 


Symbol 

Parameter 

Limits 

Unit 

M5M4 VI640505,-58 

M5M4V16405C-6,-6S 

M5M4V1640SO7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRSR 

Read setup time before RAS low 

5 


5 


5 


ns 

tRHR 


10 


10 


15 


ns 


Note 30: Read, early write, delayed write, read write or read-modify-write cycle is applicable to hidden refresh cycle, in all cases tRSR and tRHR should be 
satisfied. 
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MITSUBISHI LSIs 

M5M4V16405CJ,TP-5,-6r7r5S,-6S,-7S 


^ v,i<j 15 ® .-'ate sub's®*' 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta=0~70'C, Vcc=3.3V±10%, Vss=0V, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 


BB 


Ices (AV) 

/ 

Average supply current 
from Vcc 

Slow-Refresh cycle 

(Note 6) 

M5M4V16405C (S) 

CAS before RAS refresh cycling 
or R^ cycling & CASs 0.2V 
OE&WE^0.2V 
or OE & WE ^Vcc-0.2V 

Ao~ Aii^0.2V 
or Ao ~ Ai 1 ^ VCC-0.2V 
tREF=128ms (4096cycles) 
output=OPEN 
tRAS=tRAsmin. ~1 ^ s 

1 


500 

aA 

|CC9(AV)* 

Average supply current 

from vcc 

Self-Refresh cycle 

(Note 6) 

M5M4V16405C (S) 

RAS=CAS ^ 0.2V 
output = OPEN 

■ 

■ 

200 

/.A 


TIMING REQUIREMENTS (Ta=0~70'‘C, Vcc=3.3V±10%, Vss=OV, unless otherwise noted, see notes 14,15) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16405C-5S 

M5M4V16405C-6S 

M5M4V16405C-7S 



Min 


Min 


tRASS 

Self Refresh RAS low pulse width 

100 


100 


100 


AS 

tRPS 

Self Refresh RAS high precharge time 



110 


■nn 


ns 

tCHS 

Self Refresh RAS hold time 



-50 




ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 


10 


10 


15 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The iast/first full refresh cycles (4K) must be made within tNS/tsN before/after self refresh, on the condition of tNS^64ms and 
tSN^64ms. 


H — 

tNS__^ 


h— 

. 1111"" 


Self refresh period 

INI.INI. 

DISTRIBUTED REFRESH 



DISTRIBUTED REFRESH 

< 4K / 64 ms > 



<4K/64ms> 


(2) in case of burst refresh 

The last / first full refresh cycles (4K) must be made within t ns / tSN before / after self refresh, on the condition of t NS+tSN^64ms. 

ft 

Til 1 HI I _ self refresh period _TIIII |||| ||f 

BURST REFRESH BURST REFRESH 

< 4K / 64 ms > < 4K / 64 ms > 
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M5M4V16405CJ,TP-5,-6,-7,-5S,-6S,-7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


TEST Mode SET Cycle (Note3i) 


_ Limits _ 

M5M4V16405C-5,-5S M5M4V16405C-6,-6S M5M4V16405C-7,-7S Unit 

Min I Max Min I Max Min I Max 


10 10 10 


10 10 15 


Note 31;The test mode function is initiated by a W and CAS before RAS c ycle (WCBR cycie) as specified in timin g diag ram. 

The test mode function is terminated by either a CAS before RAS refresh cycie (CBR refresh cycie) or a RAS only refresh cycle. 

During the test mode, the device is internaiiy organized as 16-bits wide (1M bytes depth). No addressing of CA o and CAi is required. 

During a write cycle, data must be applied to all DQ (input) pins. The data can be different between DQ pins. The data on each DQ pin is written into 
4-bits memory ceiis, respectively. During a read cycle, each DQ (output) pin shows the test result of the 4-bits, respectively. High state indicates that 
they are same. Low state indicates that they are not same. 

During the test mode operation, only WCBR cycle can be used to perform refresh. 
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M5M4V16405CJ,TP-5r6,-7,-58,-6Sr7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


t>!ot>ce- ,ric VtiwW 


Timing Diagrams (Note 32) 
Read Cycle 



w 


DQi~DQ4 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 


OE 



Note 32 



Indicates the don’t care input. 
VlH(min)£VlN£VlH(max) or VlL(min)£VlN£VIL(max) 



Indicates the invalid output. 
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M5M4V16405CJ,TP-5,-6,-7,-58,-68,-78 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Early Write Cycle 



DQi~DQ4 

(OUTPUTS) 
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M5M4V16405CJ,TP-5,-6r7,-5S,-6Sr7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Delayed Write Cycle 



DQi~DQ4 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 


OE 
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Hyper Page Mode Read-Write, Read-Modify-Write Cycle 


NottcB. > iUiMts are s > 



Ao~Aii 


W 


DQi~DQ4 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 


OE 
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HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


RAS-only Refresh Cycle 


• * i , t SO chao««' 

. This IS 1'“* ® ' »,«■ 

«OSI08- ’ itrorts ® 




DQi~DQ4 

(INPUTS) 



DQi~DQ 4 Hi-Z 

(OUTPUTS) 
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Hidden Refresh Cycle (Read) (Note 33) 




Note 33: Early write, delayed write, read write or read modify write cycle is applicable Instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

In all cases IRSR and tRHR should be satisfied. 


A MITSUBISHI 
ELECTRIC 


5-65 










MITSUBISHI LSIS 


r rlt*-* ^ speo.«cf 

Some pare*"*-' 


M5M4V16405CJ,TP-5,-6,-7,-58,-6S,-7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Self Refresh Cycle 



DQi~DQ4 


(INPUTS) 


DQi~DQ4 

(OUTPUTS) 


OE 
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TEST Mode SET Cycle 


tRPC , tCHR 



tRPC tCRP 


ROW 

ADDRESS 


DQi~DQ4 

(INPUTS) 



DQi~DQ4 

(OUTPUTS) 


Note 34: This cycle can be used for initialized cycle after power-up, however entried into Test Mode. 
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M5M4V17400BJ,TP-6,-7,-68,-78 

FA8T PAGE MODE 16777216-BIT ( 4194304-WORD BY 4-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 4194304-word by 4-bit dynamic RAMs, 
fabricated with the high performance CMOS process,and is ideal 
for iarge-capacity memory systems where high speed, iow power 
dissipation, and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 


PIN CONFIGURATION (TOP VIEW) 

(3.3V)Vcc [TIO |^Vss{C 


DATA INPUTS/JDQ1 E 
OUTPUTsjpQ^ [3 

WRITE CONTROL — |- 

INPUT W |4, 
ROW ADDRESS raq IT 
STROBE INPUT li 
NC E 


g6|Vss(0V) 

^ DQ 4 I DATA 
^ HNPUTS/ 

^ DQ3 J OUTPUTS 

jia column address 

sa CAb STOnOBE INPUT 

OUTPUT ENABLE 
sal INPUT 


FEATURES 


Type name 

RAS 

access 

CAS 

access 

Address 

access 

OE 

access 

Cycle 


time 

time 

time 

time 

time 



(max.ns) 

(max.ns) 

(max.ns) 

(max.ns) 

(mln.ns) 


M5M4V17400BXX-6,-6S 

60 

15 

30 

15 

110 

360 

M5M4V17400BXX-7,-7S 

70 

20 

35 

20 

130 

315 


•Standard 26 pin SOJ, 26 pin TSOP 
•Single 3.3V±10%supply 
•Low stand-by power dissipation 

M5M4V17400B.. • • 1.8mW (Max)CMOS Input level 

M5M4V17400B(S).0.72mW (Max)CMOS Input level 

•Low operating power dissipation 

M5M4V17400BXX- 6,- 6S.■435.0mW (Max) 

M5M4V17400BXX- 7,- 7S.. -SSO.OmW (Max) 

•Fast-p age mode , Read-modify-write,RAS-only refresh.CAS 
before RAS refresh. Hidden refresh and Self refresh capabilities 
•Early-write mode and OE to control output buffer impedance 
•All inputs, output TTL compatible and low capacitance 
•2048 refresh cycles every 32ms (Ao ~Aio) 

•2048 refresh cycles every 128ms (Ao ~Aio) * 

*: Applicable to self refresh version only 

APPLICATION 

Main memory unit for computers. Microcomputer memory. 
Refresh memory for CRT 


Ao 

ADDRESS J , 
INPUTS i Ai 


Az E 

Las Eg 

(3.3V)Vcc El 


Ae 

iSlA7 ►A 
i3 Ae 
iil As 

jH A4 ^ 

i3Vss(0V) 


ADDRESS 

INPUTS 


Outline 26P0D - B (SOOmil SOJ) 


(3.3V) Vcc 

DATA INPUTS/r DQl 
outputs-[pq^ 

WRITE CONTROL ^7 
INPUT 

ROW ADDRESS 5^ 
STROBE INPUT 


ADDRESS 

INPUTS 


Aio 

Ao 

Ai 

UTS^ 

Az 

A3 

(3.3 V) Vcc 



^Vss(OV) 

|dQ41data 
S HNPUTS/ 
a DQ3 J OUTPUTS 


STOROBE INPUT 
OUTPUT ENABLE 
INPUT 


U O luAe 

m DO (address 

zj 1UA7 pNPUTS 

Es ^ i3A6 

Ei illAs 

Ei ii]A4 > 

: Ei i4lVSS(0V) 

Outline 26P3D - E (300mil TSOP) 


NC: NO CONNECTION 
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MITSUBISHI LSIs 

M5M4V17400B J,TP-6,-7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


FUNCTION 

The M5M4V17400BJ, TP provide, in addition to normal read, functions, e.g., fast page mode, RAS-only refresh, and 

write, and read-modify-write operations, a number of other delayed-write. The input conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

Remark 


CA§ 

V} 

5e 

Row 

address 


Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Fast page 

mode 

identical 

Write (Earty write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

APD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

APD 

IVD 

YES 

Read-modify-write 

ACT 

ACT 

ACT 

ACT 

APD 

APD 

APD 

VLD 

YES 

RAS-only refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

DNC 

ACT 

DNC 

DNC 

OPN 

VLD 

YES 


CAS before rAS refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note : ACT: active, NAC : nonactive, DNC : don't care, VLO : vaiid, iVD : Invaiid.APD : applied, OPN : open 
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MITSUBISHI LSIs 

M5M4V17400BJ,TP-6,-7,-63,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-0.5~ 4.6 

V 

Vi 

Input voltage 

-0.5~ 4.6 

V 

Vo 

Output voltage 

-O.S~4.6 

V 

lo 

Output current 


so 

mA 

Pd 

Power dissipation 

Ta=25*C 

1000 

mW 

Topr 

Operating temperature 


0~70 

•c 

Tstg 

Storage temperature 


-65~ 150 

•c 


RECOMMENDED OPERATING CONDITIONS (Ta=0 ~70*C, unless otherwise noted) (Note!) 


Symbol 

Parameter 


Min 1 

Vcc 

Supply voltage 


Vss 

Supply voltage 


ViH 

High-level input voltage, all inputs 


ViL 

Low-level input voltage, all Inputs 



Note 1 : All voltage values are with respect to Vss 


Limits 






ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VoH High-level output voltage 

VoL Low-level output voltage 

loz Off-state output current 

1 1 Input current 


(Ta=0 ~70*C, Vcc=3.3V ± 10%, Vss=0V, unless otherwise noted) (Note 2) 


Test conditions 

IOH=-2.0mA _ 

loL=2.0mA _ 

Q floating 0VgVouT,S3.6V 
OV^ViN 3.6V, Other inputs pins=0V 



Average supply current 
from vcc 

M5M4V17400B-6,-6S 

RAS, CAS cycling 
tRCatwcafnin. 

■ 


120 

operating 

(Note 3,4) 

M5M4V17400B-7,-7S 

output open 



105 



Supply current from Vcc, 
stand-by 


RAS= CAS =ViH, output open 


|CC2 

M5M4V17400B 

RAS= CAS=OE=W=Ao~AioSVcc -0.2V 



(Note 5) 

M5M4V17400B(S) 

output open 


|CC3 (AV) 

Average supply current 
from Vcc 
refreshing 

M5M4V17400B-6,-6S 

RAS cycling, CAS= Vih 

■ 





(Note 3) 

M5M4V17400B-7,-7S 

output open 




|CC4(AV) 

Average supply current 
from Vcc 

Fast-Page-Mode 

(Note 3,4) 

M5M4V17400B-6,-6S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



70 

mA 

M5M4V17400B-7,-7S 

■ 

WM 

60 

|CC6(AV) 

Average supply current 
from Vcc 

CAS before RAS refresh 
mode 

(Note 3) 

M5M4V17400B-6,-6S 

CAS before RAS refresh cycling 

■ 


120 

mA 

M5M4V17400B-7,-7S 

tHC=min. 
output open 

■ 


105 





RAS cycling and CAS;S0.2V or 

|CC8(AV) 

AverMe supply current from 
Vcc Extended refresh 

M5M4V17400B(S) 

CAS before RAS refresh cycling 
Vcc-0.2V^OE=W=Ao~Aio^0.2V 


(Note 5) 


output open, 

tRC=64/rS,tRAS=tRASmin~1 ais 

|CC9 (AV) 

Average supply current 
from Vcc 

Self-Refresh cycle (Note 5) 

M5M4V17400B(S) 

RAS=CASg0.2V,output open 
Vcc-0.2VSOE=W=Ao~AioS0.2V 


mA 


mA 



Note 2: Current flowing into an 1C is positive, out is negative. 

3; led (AV), Icc3 (AV), Icc4 (AV) and Icc6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: loci (AV) and Icc4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
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MITSUBISHI LSIs 

M5M4V17400BJ,TP-6,-7,-68,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT ) DYNAMIC RAM 


CAPACITANCE (Ta=0 ~70*C, Vcc=3.3V ± 10%, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 


Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

f=1MHz 

Vi=25mVrms 



5 

PF 

Ckoe) 

Input capacitance, SE input 



7 

PF 

Ciw 

Input capacitance, write control input 



7 

pF 

Ci(^ 

Input capacitance, RAS input 



7 

pF 

Ci(c^ 

Input capacitance, CAS input 



7 

pF 

Ci/o 

Input/Output capacitance, data ports 



7 

pF 


SWITCHING CHARACTERISTICS (Ta=0~7(fC, Vcc=3.3V± 10%, Vss=0V, unless otherwise noted, see notes 5,12,13) 





Limits 


Symbol 

Parameter 


MSM4V17400B-6,-6S 

M5M4V17400B-7,-7S 

Unit 




Min 

Max 

Min 

Max 


tCAC 


(Note 6,7) 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note 6,8) 


60 


70 

ns 

tAA 

Columu address access time 

(Note 6,9) 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 6,10) 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 6) 


15 


20 

ns 

tCLZ 

Output low impedance time from Ca6 low 

(Note 6) 

5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 11) 

0 

15 

0 

15 

ns 

tOEZ 

Output disable time after OE high 

(Note 11) 

0 

15 

0 

15 

ns 


Note 5; An Initial pau se of 500 s is req uired after power-up followed by a minimum of eight initialization cycies (any combination of cycles 
containing a^S clock such as RAS-Only refresh). _ __ 

Note the RAS may be cycl^ during the Initial pause. And any 8 RAS or RAS/CaS cycles are required after prolonged periods 
(greater than 32 ms) of HAS inactivity before proper device operation is achieved. 

6 : Measured with a load circuit equivalent to VOH=2.4V (lOH—2mA) / VOL-2mA(IOL=2mA) loads and 10OpF. The reference level for 
measuring of output signals are VOH=2.0V and VOL=0.8V . 

7: Assumes that taco ^ tRCD(max) and tAsc ^ tASC(max). 

8 : Assumes that tnco ^tRCO(max) and tRAD^tRAD(max). If tRCD ortRAD is greater than the maximum recommended value shown in this table, 
tRAC will increase by amount that tRco exceeds the value shown. 

9: Assumes that tRAO ^tRAD(max) and tASC^tASC(mai(). 

10; Assumes that tcp^tcp(max) and tAsc^tAsc(mex). 

11:toFF(max)andtocz(mex)defines the time at which the output achieves the high impedance State ( I lourl ^10;uA) and is not reference to 
VOH(iiiin)OrVOMmax). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 

(Ta=0 ~70*C, Vcc=3.3V ± 10%, Vss=0V, unless otherwise noted See notes 12,13) 





Limits 


Symbol 

Parameter 


M5M4V17400B-6,-6S 

M5M4V17400B-7.-7S 

Unit 




Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


32 


32 

ms 

tREF 

Refresh cycle time * 


128 


128 

ms 

tRP 

RAS high pulse width 

40 


50 


ns 

tRCD 

Delay time. RAS low to CAS low 

(Note14) 

20 

45 

20 

50 

ns 

tCHP 

Delay time, CAS high to RAS low 

10 


10 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


ns 

tRAO 

Column address delay time from RAS low 

(Note15) 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note16) 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


ns 

tCAH 

Column address hold time after CAS low 

15 


15 


ns 

tozc 

Delay time, data to CAS low 

(Note17) 

0 


0 


ns 

tozo 

Delay time, data to OE low 

(Note17) 

0 


0 


ns 

tcoo 

Delay time, CAS high to data 

(Note18) 

15 


15 


ns 

tODO 

Delay time, OE high to data 

(Note18) 

15 


15 


ns 

tr 

Transition time 

(Note19) 

1 

50 

1 

50 

ns 


Note 12: The timing requirements are assumed tr =5ns. 

13: ViH(min) and ViMmu) are reference levels for measuring timing of input signals. 

14: tRCO(max) is specifi^ as a reference point only. If tRco is less than tRCD(max). access time is tRAC. If tRco is greater than tRCD(max). access 
time is controlled exclusively by tcAC or tAA. tRCD(mjn) is specified as tRCD(min) =tRAH(min) +2tH-t-tASC(min). 

15: tRAD(max) is specified as a reference point only. If tRAD^ tRAD(max) and tAsc^ tASC(max). access time is controlled exclusively by tAA 
16: tAsc(max) is Specified as a reference point only. If tRco^ tRCD(max) and Iasc^ tAsctmax). access time Is controlled exclusively by tCAC. 

17: Either tDzc or tozo must be satisfied. 

18: Either tcoo or tboo must be satisfied. 

19: tr is measured between ViH(min) and ViMmax). 
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MITSUBISHI LSIs 

M5M4V17400B J,TP-6r7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (4t94304-WORD BY 4-BIT) DYNAMIC RAM 


Read and Refresh Cycles 




Read cycle time 


RAS low pulse width 


CAS low pulse width 


CAS hold time after RAS low 


RAS hold time after CAS low 


Read Setup time before CAS low 


Read hold time after CAS high 


Read hold time after RAS high 


Column address to RAS hold time 


CAS hold time after CE low 


RAS hold time after OE low 


Note 20: Either tncH or tRRH must be satisfied for a read cycle. 


(Note 20) 


(Note 20) 


Limits 


MSM4V17400B-6,-6S MSM4V17400B-7,-7S 



Write Cycle (Early Write and Delayed Write) 




Write cycle time 


RAS low pulse width 


CAS low pulse width 


CAS hold time after RAS low 


RAS hold time after CAS low 


Write setup time before CAS low 


Write hold time after CAS low 


CAS hold time after W low 


RAS hold time after W low 


Write pulse width 


Data setup time before CAS low or W low 


Data hold time after CAS low or W low 


OE hold time after W low 


Read-Write and Read-Modify-Write Cycies 



Limits 


M5M4V17400B-6,-6S M5M4V17400B-7,-7S 




Read write/read modify write cycle time (Note21) 


RAS low pulse width 


CAS low pulse width 


CAS hold time after RAS low 


RAS hold time after CAS low 


Read setup time before CAS low 


Delay time, CAS low to W low (Note22) 


Delay time. RAS low to W low (Note22) 


Delay time, address to W low (Noto22) 


CAS hold time after W low 


RAS hold time after W low 


Write pulse width 


Data setup time before W low 


Data hold time after W low 


OE hold time after W low 


: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+5tT. 

: twcs, tcwD.tRWD and tAwo and.tcpwo are specified as reference points only. If twc^ twcs(min) the cycle is an early write cycle and the 
DQ pins will remain high impedance throughout the entire cycle. If tcwoitcwD(min). tRWoSstRwo (min), tAwo^ tAWD(min) and tcpwoS tcpwD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will co ntain the data read from the selected address. 

If neither of the above condition (delayed write) of the OQ (at access time and until CAS or'pE goes back to Vih ) is indetermiriate. 
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MITSUBISHI LSIs 

M5M4V17400B J,TP-6,-7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23 ) 





Limits 


Symbol 

Parameter 


M5M4V17400B-6,-6S 

M5M4V17400B-7.-7S 

Unit 




Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 

40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

85 


95 


ns 

tRAS 

RAS low pulse width for read write cycie 

(Note24) 

too 

125000 

115 

125000 

ns 

top 

CAS high puise width 

(Note25) 

10 

15 

10 

15 

ns 

toPRH 

RAS hold time after CAS precharge 

35 


40 


ns 

toPWD 

Delay time, (5AS precharge to W iow 

(Note22) 

60 


65 


ns 


Note 23: All previously specified timing requir emen ts and switching characteristics are applicable to their respective fast page mode cycle. 
24: tRAS(min) is Specified as two cycles of CAS input are performed. 

25: tcp(iTiax) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 26 ) 


Symboi 

Parameter 

1 Limits { 

Unit 

1 M5M4V17400B-6,-6S 

1 M5M4V174CX)B-7.-7S 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 


15 


ns 

tRSR 

Read setup time before RAS iow 

10 


10 


ns 

tRHR 

Read hold time after RAS iow 

10 


15 


ns 


Note 26: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 


Self Refresh Cycle 


Symboi 

Parameter 

Limits 

Unit 

M5M4V17400B-6S 

M5M4V17400B-7S 

Min 

Max 

Min 

Max 

tRASS 

Seif Refresh RAS iow pulse width 

100 


100 


ftS 

tRPS 

Self Refresh RAS high precharge time 

110 


130 


ns 

tCHS 

Seif Refresh RAS hoid time 

-50 


-50 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


ns 

tRHR 

Read hold time after RAS low 

10 


15 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh , on the condition 
of tNS^ 32 ms and tSN ^ 32 ms. 



DISTRIBUTED REFRESH DISTRIBUTED REFRESH 

<2K/32ms> <2K/32ms> 


(2) In case of burst refresh 


The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh , on the condition 
of tNS + tsN ^ 32 ms. 



*1 



BURST REFRESH 
<2K/32ms> 


BURST REFRESH 
< 2K / 32 ms > 
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MITSUBISHI LSIs 

M5M4V17400B J,TP-6,-7,-6Sr7S 

: _ FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Limits 

Symboi Parameter msm4V17400B-6,-6S msm4V17400B-7,-7S Unit 

Min I Max Min I Max 


twsn Wsetup time before RAS low 10 10 ns 

twHR W hold time after RAS low 10 15 ns 
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MITSUBISHI LSIs 

M5M4V17400BJ,TP-6r7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Timing Diagrams (Note 27) 
Read Cycle 




■ ROW I 

.address) 


COLUMN 

ADDRESS 


tRPC tCRP 


1 - 52AS- , 

y 


tRAL 



ROW 

ADDRESS 



DQi~DQ4 Vih- 

(INPUTS) viL - 



DQi~DQ4 Voh - 

(OUTPUTS) Vo, - 


DATA VALID 
I tOEZ. 


Indicates the don't care Input. 
ViH(mln)^ViN^ViH(max) or ViL(min)^ViN^ViL(max) 


fj Indicates the invalid output. 
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M5M4V17400BJ,TP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT ( 4194304-WORD BY 4-BIT) DYNAMIC RAM 


Write Cycle (Early write) 


twc 



DQi~DQ4 Voh - Hi-Z 

(OUTPUTS) Vo, - 
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MITSUBISHI LSIs 


M5M4V17400BJ,TP-6,-7,-68,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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MITSUBISHI LSIs 

M5M4V17400BJ,TP-6,-7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Read-WrIte, Read-Modify-Write Cycle 


tRWC 
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RAS-only 


RAS 


CAS 


Ao~Aio 


W 


DQi~DQ4 

(INPUTS) 

DQi~DQ4 

(OUTPUTS) 


OE 


MITSUBISHI LSIs 

M5M4V17400B J,TP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Refresh Cycle 



VoH - ___Hr£ 

VOL ~ 


ViH - 
ViL - 
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ELECTRIC 


5-79 




MITSUBISHI LSIs 

M5M4V17400B J,TP-6,-7,-6Sr7S 

FAST PAGE MODE 16777216>BIT (4194304>WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V17400BJ,TP-6,-7r6S,-7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V17400BJ,TP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V17400B JJP-6r7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V17400BJ,TP-6,-7r6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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Self Refresh 


RAS 


CAS 


Ao~Aio 


W 


DQi~DQ4 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 


OE 


MITSUBISHI LSIs 

M5M4V17400BJ,TP-6,-7r6Sr7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Cycle 
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MITSUBISHI LSIs 

M5M4V17400B J,TP-6r7r6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


TEST Mode SET Cycle (Note 29 ) 



DQi~DQ4 

VlH- 

(INPUTS) 

VlL- 

DQi~DQ4 

VOH - 

(OUTPUTS) 

VOL - 


VlH- 

OE 

VlL- 



Note 29: The test mode function is initiated by a W and CAS before cycle (WCBR cycle) as specified in timi ng di agram. 

The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or aRAS only refresh cycle. 

During the test mode, the device is internally organized as 16 bits wide (1M bytes depth). No addressing of CAO, CA1 is required. 

During a write cycle, data must be applied to all DQ (input) pins. The data can be different between DQ pins. The data on each DQ pin is written into 
4 bits memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 4 bits, respectively. High state indicates 
that they are same. Low state indicates that they are not same. 

During the test mode operation, WCBR cycle can be used to perform refresh. 
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MITSUBISHI LSIs 

M5M4V17400CJ,TP-5,-6r7, 

-5Sr6S,-7S 

MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 4194304-word by 4-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 


FEATURES 


XX=J,TP 


•Standard 26pin SOJ, 26pin TSOP 

• Single 3.3V±10% supply 

• Low stand-by power dissipation 

1.8mW (Max).,—.CMOS Input level 

0.72niW (Max) *-r-CMOS Input level 

• Low operating power dissipation 

M5M4V17400Cxx-5,-5S---525.0mW (Max) 

M5M4V17400CXX-6.-6S-435.0mW (Max) 

M5M4V17400Cxx-7,-7S-380.0mW (Max) 

•Self refresh capability * 

self refresh current- -200.0A(Max) 

• Fast- page mode , Read-modify-write, RAS-only refresh 
•CAS before RAS refresh, Hidden refresh capabilities 
Early-write mode and OE to control output buffer impedance 
•All inputs, output TTL compatible and low capacitance 
•2048 refresh cycles every 32ms (Ao~Aio) 

* Applicable to self refresh version(M5M4V17400CJ,TP-5S,-6S,-7S 
:option) only 

APPLICATION 

Main memory unit for computers. Microcomputer memory. Refresh 
memory for CRT 


Type name 

RAS 

access 

time 

(max. ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

M5M4V17400CXX-5,-5S 

■«1»^ 

m 


mm 



M5M4V17400CXX-6,-6S 

MM 

■a 

MiM 

mm 

■DSi 

BcTiM 


mm 


KSi 


■ESI 

■TEl 


PIN CONFIGURATION (TOP VIEW) 


vcc U 


H vss 

DQ 1 [F 


2 l DQ4 

DQ 2 [3 


H DQ3 

w E 


UCAS 

rasE 

s 

Hoe 

NC [6 

VI 

S 

< 

23 A9 

AlO 


p AS 

AO [£ 

o 

ilA7 

At |Tg 


i3A6 

a 2 in 


ilAS 

A3 £2 


ilA4 

vcc El 


14] VSS 

Outline 26P0D-B (300mil SOJ) 

vcc [T 

^37 

il VSS 

DQt E 


il DQ4 

DQ 2 [T 


13 DQ3 

w \± 



RAS E 

<n 


NC [i; 

S 

23 A9 

AlO [T 

O 

o 

31 AS 

AO E 

o 

H 

TJ 

H A7 

At QO 


33 AS 

A 2 in 


H A5 

A3 El 


H A4 

vcc El 


in vss 

Outline 26P3D-E (300mil TSOP) 

NCiNO CONNECTION 



PIN DESCRIPTION 


Pin name 

Function 

A 0 -A 10 

Address inputs 

DQ 1 -DQ 4 

Data inputs/outputs 

R^ 

Row address strobe input 

CAS 

Column address strobe input 

W 

Write control input 

OE 

Output enable input 

Vcc 

Power supply (■h3.3V) 

Vss 

Ground (OV) 
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MITSUBISHI LSIS 

M5M4V17400CJ,TP-5,-6,-7,-5S,-6S,-7S 


some pawn 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


FUNCTION 

The M5M4V17400CJ, TP provide, in addition to normal read,write, e.g., fast page mode, RAS-only refresh, and delayed-write. The 

and read-modify-write operations, a number of other functions, input conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

Remark 


C^ 

W 

OE 

■ESSi 

|||||^!]2|T^H| 

Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Fast 

page 

mode 

identical 


ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

I Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 


ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

RAS-onlv refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

NAC 

ACT 

APD 

DNC 

OPN 

VLD 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


CAS before RAS refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note : ACT : active, NAC : nonactive, DNC: don't care, VLD; vaiid, iVD : invalid, APD : appiied, OPN ; open 



A MITSUBISHI 
ELECTRIC 


5-89 













































































































MITSUBISHI LSIS 

M5M4V17400CJ,TP-5,-6,-7,-58,-68,-78 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


1 Symbol | 

Parameter 

Conditions 

Ratings 

Unit 


Supply voltage 

With respect to Vss 

-0.5 ~4.6 

V 

Vi 

Input voltage 

-0.5 ~4.6 

V 

Vo 

Output voltage 

-0.5 ~4.6 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25°C 

1000 

mW 


Operating temperature 


0 ~70 

*0 


Storage temperature 


-65 ~ 150 

'C 


prEUNHN'^’''' 


RECOMMENDED OPERATING CONDITIONS (Ta=0 ~70'C, unless othenwise noted) (Note 1) 


Symbol 

Parameter 

Vcc 


Vss 


VIH 

High-level input voitage, aii inputs 

VIL 

Low-ievel input voltage, all inputs 


Min 



Limits 



Max 

3.6 

0 


MU 



Note 1; All voltage values are with respect to Vss. 

* *: VlL(min.) is -2.0V when undershoot width is less than 25ns. (Undershoot width is with respect to Vss.) 


ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vcc=3.3V±10%, Vss=0V, unless otherarise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

Min 1 

MUM 

Max 

VOH 

High-level output voltage 

IOH=-2.0mA 



Vcc 

V 

VOL 

Low-level output voltage 

IOL=2.0mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating 0 V^Vout^3.6V 

-10 


10 

aa 

1 1 

Input current 

OV^ViN ^3.6V, Other inputs pins=0V 

IB19 


10 

aA 

Icci (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4) 

M5M4V17400C-5,-5S 

RAS, CAS cycling 
tRc=twc=min. 
output open 



145 

mA 

M5M4V17400C-6,-6S 



120 

M5M4V17400C-7,-7S 



mnsm 

ICC2 

Supply current from Vcc, stand-by (Note 5) 

RAS= CAS =ViH, output open 



2 

mA 

R^=^^ Vcc-0.2V 



0.5 

|CC3 (AV) 

Average supply current 
from Vcc, refreshing 

(Note 3) 

M5M4V17400C-5,-5S 

RAS cycling, CAS= Vih 

tRC=min. 

output open 



145 

mA 

M5M4V17400C-6,-6S 



WSEM 

M5M4V17400C-7,-7S 



105 

|CC4(AV) 

Average supply current 
from Vcc, Fast-Page- 
Mode (Note 3,4) 

M5M4V17400C-5,-5S 

RAS=Vil, CAS cycling 

tPC=min. 

output open 



80 

mA 

M5M4V17400C-6,-6S 



70 

M5M4V17400C-7,-7S 



60 

|CC6(AV) 

Average supply current 
from Vcc, CAS before RAS 
refresh mode 

(Note 3) 

M5M4V17400C-5,-SS 

CAS before RAS refresh cycling 

tRc=min. 

output open 



145 

mA 

MSM4V17400C-6,-6S 



120 

M5M4V17400C-7,-7S 





Note 2: Current flowing into an IC is positive, out is negative. 

3; Icci (AV), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current Is measured at the fastest cycle rate. 
4: ICCI (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 


CAPACITANCE CTa=0-70*C, Vcc=3.3V ±10%, Vss=0V, unless otherwise noted) 


Test conditions 


Vi=Vss 

f=1MHz 

Vi=25mVrms 


Symbol 

Parameter 

Cf(A) 

Input capacitance, address inputs 

Ci(M) 

Input capacitance, OE input 

Ci(W) 

Input capacitance, write control input 

Ci(^) 

Input capacitance, RAS input 

Ci(^) 

Input capacitance, CAS input 

Ci/o 

Input/Output capacitance, data ports 
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MITSUBISHI LSIs 

M5M4V17400CJJP-5r6,-7r5Sr6Sr7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


SWITCHING CHARACTERISTICS (Ta=0~70‘“C.Vcc=3.3V±10%,Vss=0V,unless otherwise noted,see notes5,12,13) 


Limits 


M5M4V17400C-5,-5S M5M4V17400C-6,-6S M5M4V17400C-7,-7S 




Column address access time (Note 6,9) 


Access time from CAS orecharoe (Note 6,10) 


Access time from OE (Note 6) 


Output low impedance time from CAS low (Note 6) 


Output disable time after CAS hiqh (Note 11) 


Output disable time after OE hiqh (Note 11) 


Note 5;An initial paus e of 500s is required after power-u p follo wed by a minimum of eight initialization RAS cycles. The initialization cycles should be done 
either by RAS-only refresh cycles or by CAS before RAS refresh cycle s o nly. _ 

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 32ms) of 
RaS inactiyity before proper deyjc e operation is achleyed. 

After the initialization cycles, RAS should be kept either higher than VlH(min) or lower than ViLfmax) except fiAS transition time. 

6:Measured with a load circuit equivalent to 2TTL loads and lOOpF. The reference levels for measuring of output signals are 2.0V (VOH) and 0.8V (VOL). 
7:Assumes that tRCD^tRCD(max) and tASC^tASC(max). 

8;Assumes that tRCD ^tRCD(max) and tRAD^ tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC will 
increase by amount that tRCD exceeds the value shown. 

9:Assumes that tRAD^tRAD(max) and tASC^tASC(max). 

10;Assumesthat tcPStCP(max) and tASC^tASC(max). 

1 1 :tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (lOUT ^ |±10// A |) and is not reference to VOH(min) 
or VOL(max). 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 

(Ta=0~70'’C, Vcc=3.3V ±10%, Vss=0V, unless othen/vise noted, see notes 12,13) 


Limits 


M5M4V17400C-5,-5S M5M4V17400C-6,-6S M5M4V17400C-7,-7S 




Refresh cycie time 


RAS high pulse width 


Delay time, RAS low to CAS low (Note 14) 


Delay time. CAS high to RAS low _ 


CAS high pulse width 


Column address delay-time from RAS low (Note 15) 


Row address setup time before RAS lovy_ 


Coiumn address setup time before CAS low (Note 16) 


Row address hold time after RAS low 


Column address hold time after CAS low 


Delay time, data to CAS low (Note 17) 


Delay time, data to OE low (Note 17) 


Delay time, CAS high to data (Note 18) 


Transition time (Note 19) 


Note 12:The timing requirements are assumed tT=5ns. 

13:VIH(min) and VlL(max) are reference ievels for measuring timing of input signals. 

14:tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tAA. tRCD(min) is specified as tRCD(min) =tRAH(min) +2tH+tASC(min). 

15:tRAD(max) is specified as a reference point only. If tRAD ^tRAD(max) and tASC ^ tASC(max), access time is controlled exclusively by tAA. 

16;tASC(max) is specified as a reference point only. If tRCD StRCD(max) and tASC ^ tASC(max), access time is controlled exclusively by tCAC 
17:Either tDZC or tDZO must be satisfied. 

18; Either tCDD or tODD must be satisfied. 

19;tT is measured between VlH(min) and VlL(max). 














































































































































































MITSUBISHI LSIs 

M5M4V17400CJ,TP-5r6r7r5S,-6S,-7S 




FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Read and Refresh Cycles 




Limits 


M5M4V17400C-5,-SS M5M4V17400O6,-6S M5M4V1740007,-7S 


Read cycle time 


RAS low pulse width 


CAS low pulse width 


CAS hold time after RAS low 


Read setup time after CAS hiqh 


Read hold time after CaS low 


Read hold time after RAS low 


Column address to RAS hold time 


CAS hold time after OE low 


RAS hold time after OE low 


Either tRCH or tRRH must be satisfied for a read cycie. 


(Note 20) 


(Note 20) 



Write Cycle (Early Write and Delayed Write) 
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MITSUBISHI LSIs 

M5M4V17400CJ,TP-5r6r7r5Sr6S,-7S 


FAST PAGE MODE 16777216<BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

MSM4V17400C-5,-5S 

M5M4V17400C-6,-6S 

M5M4V17400C-7,-7S 

Min 

Max 

Min 


Min 

Max 

tRWC 

Read write/read modify write cycle time (Note 21) 

131 


155 


180 


ns 

tRAS 

RAS low pulse width 

91 

RS!n 

105 


120 


ns 

tCAS 

CAS low pulse width 

54 


60 


70 


ns 

tCSH 

CAS hold time after RAS low 

91 


105 


120 


ns 

tRSH 

RAS hold time after CAS low 

54 


60 


, 70 


ns 

tRCS 

Read setup time before CAS iow 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 22) 

36 


40 


45 


ns 

tRWD 

Delay time, RAS low to W low (Note 22) 

73 


85 


95 


ns 

tAWD 

Delay time, address to W low (Note 22) 

48 


55 


60 


ns 

tCWL 

CAS hold time after W low 

13 


15 


20 


ns 

tRWL 

RAS hold time after W low 

13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


10 


ns 

tDS 

Data setup time before W low 

0 


0 


0 


ns 

tDH 


8 


10 


15 


ns 

tOEH 

OE hold time after W low 

M 


15 


15 


ns 


Note 21 itRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(inin)+5tT. 

22:tWCS, tCWD, tRWD and tAWD and, tCPWD are specified as reference points only. If tWCSfetWCS(min) the cycle is an early write cycle and the DQ pins will 
remain high impedance throughout the entire cycle. If tCWD^tCWD(min), tRWD^tRWD (min), tAWD^tAWD(min) and tCPWDStCPWD(min) 

(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will co ntain the data read from the selected address. 

If neither ot the above condition (delayed write) of the DQ (at access time and until CAS or QE goes back to ViH) is indeterminate. 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 





Limits 


Symbol 

Parameter 


M5M4V17400C-5,-5S 

MSM4V17400C-6,-6S 

M5M4V17400C-7,-7S 

Unit 




Min 

Max 

Min 


Min 

Max 


tPC 

Fast page mode read/write cycle time 

35 


40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

76 


85 


95 


ns 

tRAS 

iiivj (III Min MlfSS IW! 1 BBPW 9HI 

(Note 24) 

85 


100 

iKbtmii 

115 

KBS! 

ns 

tCP 

CAS high pulse width 

(Note 25) 

8 

12 

10 

15 

10 

15 

ns 

tCPRH 

RAS hold time after CAS precharge 

30 


35 


40 


ns 

tCPWD 

Delay time, CAS precharge to W low 






65 


ns 


Note 23: All previously specified timing require ments and switching characteristics are applicable to their respective fast page mode cycle. 
24: tRAS(min) is specified as two cycles of CAS input are performed. 

25: tCP(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 26 ) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V17400C-S,-5S 

M5M4V17400C-6,-6S 

M5M4V17400C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 


10 


15 


ns 

tRSR 

Read setup time before RAS iow 

10 


10 


10 


ns 

tRHR 

Read hold time after RAS low 

10 


10 


mm 


ns 


Note 26: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 
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M5M4V17400CJ,TP-5r6,-7r5S,-6Sr7S 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 


ELECTRICAL CHARACTERISTICS(Ta=0~70'C, Vcc=3.3V±10%, Vss=0V, unless othenwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

B9 

Max 

Ices (AV) 

Average supply current 
from Vcc 

Slow-Refresh cycle 

(Note 5) 

MSM4V17400C (S) 

CAS before RAS refresh cyciing 
or RAS cycling & CAS S0.2V 
OE&WE^0.2V 
or OE&WE ^Vcc-0.2V 

Ao~Aio^0.2V 
or Ao ~ Aio ^Vcc-0.2V 
tREF= 128ms (2048cycles) 
output = OPEN 

tRAS=tRASmin. ~1 s 



500 

aA 

|CC9 (AV) 

Average supply current 
from vcc 

Self-Refresh cycle 

(Note 5) 

M5M4V17400C (S) 

RAS = C^ ^ 0.2V 
output = OPEN 

■ 

■ 

200 

aA 




some 




TIMING REQUIREMENTS (Ta=0~70°C, Vcc=3.3V±10%, Vss=0V, unless otherwise noted, see notes 12, 13) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V17400C-5S 

M5M4V17400C-6S 

M5M4V17400C-7S 

Min 

Max 

Min 


Min 


tRASS 

Self Refresh RAS low pulse width 

■ESI 


■ESI 


■En 


AS 

tRPS 

Self Refresh RAS hiah orecharae time 



■119 


■ESI 


ns 

tCHS 

Self Refresh RAS hold time 

-50 


-50 


-50 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 


10 


10 


■B 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (2K) must be made within tNS / tsN before / after self refresh, on the condition of tNS^32ms and 
tSN^32ms. 



Self refresh period 


DISTRIBUTED REFRESH 
< 2K / 32 ms > 


tSN 




m 


DISTRIBUTED REFRESH 
< 2K / 32 rrrs > 


(2) In case of burst refresh 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, on the condition of tNS+tSN^32ms. 



BURST REFRESH 
<2K/32ms> 


Self refresh period 



BURST REFRESH 
< 2K / 32 ms > 
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M5M4V17400CJ,TP-5,-6r7r5Sr6S,-7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


TEST Mode SET Cycle 


M5M4V17400C-5,-5S M5M4V17400C-6,-6S M5M4V17400C-7,-7S 


Min Max Min Max Min Max 


10 10 10 


10 10 15 


Note 27:The test mode function is initiated by a W and C AS be fore R AS cyc ie {WCBR cycie) as specified in timin g diag ram. 

The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycie) or a RAS oniy refresh cycle. 

During the test mode, the device is internaliy organized as 16-bits wide (1M bytes depth). No addressing of CAo and CAi is required. 

During a write cycle, data must be applied to all DQ (input) pins. The data can be different between DQ pins. The data on each DQ pin is written into 
4-bits memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 4-bits, respectively. High state indicates 
that they are same. Low state indicates that they are not same. 

During the test mode operation, only WCBR cycle can be used to perform refresh. 
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M5M4V17400CJ,TP-5,-6,-7,-5Sr6Sr7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Timing Diagrams (Note 28) 
Read Cycle 



Note 28 



Indicates the doni care input. 
ViH(min)^VlN^VlH(max) or VlL(min)^VlN^VlL(inax) 



Indicates the invalid output. 


5-96 
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M5M4V17400CJ,TP-5,-6,-7,-5S,-6Sr7S 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Early write) 





DQi~DQ 4 Hi-Z 

(OUTPUTS) voL- 
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M5M4V17400CJ,TP-5,-6r7r5S,-6Sr7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 






BBI 



»t*^*t*t«**t***ti$t^*^^^^^ 
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M5M4V17400CJ,TP-5r6,-7,-5S,-6S,-7S 




FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V17400CJJPt5,-6,-7,-5S,-6S,-7S 


Ho««e J W are 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


RAS-only Refresh Cycle 




DQi~DQ4 

(INPUTS) 



DQi~DQ 4 Hi-Z 

(OUTPUTS) voL- 


OE 
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M5M4V17400CJ,TP-5r6,-7,-58,-6S,-7S 


Howce- 

Son*e paran^-W' 


. « ^ipai to chan^® 

is not w 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle, Slow Refresh Cycle 
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M5M4V17400CJ,TP-5,-6,-7,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 29) 








Note 29: Early write, delayed write, read write or read modify write cycie is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycie shown above. 

And in any cycle, tRSR & tRHR should be satisfied not to enter TEST MODE. 


5-102 
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M5M4V17400CJ,TP-5r6r7,-5Sr6Sr7S 


FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V17400CJ,TP-5r6r7r5S,-6S,-7S 




FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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iM\NABT M5M4V17400CJ,TP-5,-6,-7,-5S,-6S,-7S 

" FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V17400CJ,TP-5r6,-7r5Sr6S,-7S 

MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Fast Page Mode Read-Write,Read-Modify-Write Cycle 






this 'S are 


FAST PAGE 


RAS 


CAS 


Ao~Aio 


W 







DQi~DQ4 Voh 
(OUTPUTS) 


Hi-Z 


HIHH 

m 

IH 



OE 
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M5M4V17400CJ,TP-5r6r7r5S,-6Sr7S 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Self Refresh Cycle 


Sow® C 
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M5M4V17400C J,TP-5,-6,-7,-58,-6S,-7S 


Motice: 'limte 
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FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


TEST Mode SET Cycle 


RAS 


CAS 


VlH- 

VlL- 


tRP 


:J 


tRPC 


VlH- 

VlL 


-J 


Ao~Aio 


W 


DQi~DQ4 



(INPUTS) viL-i 


DQi~DQ4 ''oh- 
(OUTPUTS) VOL 


OE 


tCPN 


tCSR 


, tRCH, 


tWSR 


tRAS 


L 


tWHR 


:Z) 


tOFF 


tOEZ 


Hi-Z 




tRPC tCRP 



tASR 




Note 30: This cycle can be used for Initialized cycle after power-up, however entried into Test Mode. 
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M5M4V17405CJJP-5,-6,-7, 

-5S,-6Sr7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 4194304-word by 4-bit dynamic RAMs with 
Hyper Page mode fuction, fabricated with the high performance 
CMOS process, and is ideai for iarge-capacity memory systems 
where high speed, low power dissipation, and low costs are 
essential. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self refresh current is low enough for 
battery back-up application. 


FEATURES 


Type name 

RAS 
access 
time 
(max. ns) 

CAS 

access 

time 

(max.ns) 

Address 
access 
time 
(max. ns) 

OE 

access 

time 

(max.ns) 

Cycie 

time 

(min.ns) 

Hi 



mm 

wm 

mm 

90 


mmsmmm 

mm 

mm 


mm 

um 


1Li 1 1 Vi w !■ 

mm 

WEM 


Kil 


EI3 


XX=J,TP 


•Standard 26pin SOJ, 26pin TSOP 
•Single 3.3V ± 10% supply 
•Low stand-by power dissipation 

I.SOmW (Max)---CMOS Input level 

0.72mW (Max) *----CMOS Input level 

•Low operating power dissipation 

M5M4V17405Cxx-5,-5S-525mW (Max) 

M5M4V17405Cxx-6,-6S..435mW (Max) 

M5M4V17405Cxx-7,-7S.-.-.- 380mW (Max) 

•Self refresh capability * 

Self refresh current---200 /x A(Max) 

•Hyper page mode (204 8-colu mn ran dom a ccess), Read-modify- 
write, RAS-only refresh, CAS before RAS refresh. Hidden refresh 
capabilities. _ 

Early-write mode, OE and W to control output buffer impedance 
•All inputs, outputs TTL compatible and low capacitance 
•2048 refresh cycles every 32ms (Ao ~Aio) 

* :Applicable to self refresh version (M5M4V17405CJ,TP-5S,-6S, 
-7S;option) only 

APPLICATION 

Main memory unit for computers. Microcomputer memory. Refresh 
memory for CRT 


PIN CONFIGURATION (TOP VIEW) 


vcc DI 


H vss 

DQ1 H 


2l DQ4 

DQ2 [3 


24] DOS 

W E 


H CAS 

rasE 

s 

^ OE 

z 

o 

R 

U1 

S 

23 A9 


< 


AlO [8 

•s 

ra] As 

AO 

o 

U1 

f> 

il A7 

Al Qo 


it] A6 

A2 E 


iU AS 

AS El 


iU A4 

vcc El 


R] vss 

Outline 26P0D-B (300mil SOJ) 

vcc [T 


H vss 

DQl [£ 


H DQ4 

DQ2 E 


13 DQs 

WE 


H CAS 

RAS E 

3 

cn 

22] OE 

NC E 

s 

< 

23 A9 




A10 E 

o 

ai 

H As 

Ao E 


iH A7 

At |]0 

"0 

it] as 

A2 E 


H AS 

As E 


HI A4 

vcc D] 


u] vss 

Outline 26P3D-E (300mil TSOP) 



NC:NO CONNECTION 


PIN DESCRIPTION 


Pin name 

Function 

Ao~Aio 

Address inputs 

DQ 1 -DQ 4 

Data inputs/outputs 


Row address strobe input 


Column address strobe input 

W 

Write control input 


Output enable input 

Vcc 

Power supply (+3.3V) 

Vss 
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M5M4V17405CJ,TP-5,-6,-7,-5S,-6Sr7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


FUNCTION 

In addition to Hyper Page Mode, normal read, write and read- of other functions, e.g., RAS-only refresh, and delayed-write. The 

modify-writeoperatioris the M5M4V17405CJ,TP provides a number input conditions for each are shown in Table 1. 


Table 11nput conditions for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

Remark 

RAS 

CAS 

W 

OE 


imsjoiiH 

Input 


Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Hyper 

page 

mode 

identical 

Write (Early write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 

Read-mod ify-write 

ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

RAS-only refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

NAC 

ACT 

APD 

DNC 

OPN 

VLD 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


CJAS before RAS refresh 

ACT 

ACT 

NAC 

dNc 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note: ACT: active, NAC: nonactive, DNC: don't care, VLD: vaiid, iVD: invalid, APD: applied, OPN : open 


BLOCK DIAGRAM 



VCC (3.3V) 
VSS (OV) 


DQl 

dqzIdata 

DQ3 INPUTS/OUTPUTS 
DQ4 


OE OUTPUT ENABLE 
INPUT 
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M5M4V17405CJ,TP-5,-6,-7,-5S,-6Sr7S 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


1 Symbol | 

Parameter 

Conditions 

Ratings 

Unit 


Supply voltage 

With respect to Vss 

-0.5 ~ 4.6 

V 

Vi 

Input voltage 

-0.5 ~ 4.6 

V 

Vo 


-0.5 ~ 4.6 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25“C 

1000 

mW 

Topr 

Operating temperature 


0~70 

*C 

Tstg 

Storage temperature 


-65 ~ 150 

'C 


Some 


RECOMMENDED OPERATING CONDITIONS (Ta=0-70'’C, unless otherwise noted) (Not© l) 



Note 1: All voltage values are with respect to Vss. 

**: VlL(min.) is -2.0V when undershoot width is iess than 25ns. (Undershoot width is with respect to VSS.) 


ELECTRICAL CHARACTERISTICS (Ta=0~70°C. Vcc=3.3V± 10%, Vss=0V, unless otherwise noted) (Note2) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

Min 1 

Typ 

Max 

VOH 

Hiah-level output voltaae 

IOH=-2.0mA 

msm 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=2.0mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating, OV^VouT^ 3.6V 

-10 


10 

aA 

11 

Input current 

0V^Vin^+ 3.6V, Other inputs pins=0V 

-10 


10 

aa 

lCC1 (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M4V17405C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



145 

mA 

M5M4V17405C-6,-6S 



120 

M5M4V17405C-7,-7S 




ICC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH. output open 



2 

mA 

1 i • jl 1 ^<1 >isj 1 m 



0.5 

lCC3(AV) 

Average supply current 
from Vcc, RAS only 
refresh mode (Note 3,5) 

M5M4V17405C-5,-5S 

RAS cycling, CAS= V ih 

tRC=min. 

output open 



145 

mA 

M5M4V17405C-6,-6S 




M5M4V17405C-7,-7S 



1 105 I 

ICC4(AV) 

Average supply current 
from Vcc, Hyper Page 
Mode (Note 3,4,5) 

MSM4V17405C-5,-5S 

RAS=Vil, CAS cycling 

tHPC=min. 

output open 




mA 

M5M4V17405C-6,-6S 



115 

M5M4V17405C-7,-7S 



90 

ICC6(AV) 

Average supply current 
from VCC, CAS before RAS 
refresh mode (Note 3,5) 

M5M4V17405C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 
output open 



145 

mA 

M5M4V17405C-6,-6S 



120 

M5M4V17405C-7,-7S 





Note 2: Current flowing into an 1C is positive, out is negative. 

3: iCCt (AV), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCI (AV) and ICC4 (AV) are dependent on output loading. Specified v alues are obtained with the output open. 

5: Under condition of column address being changed once or less while RAS=V IL and CAS=VIH 


CAPACITANCE (Ta=0~70“C. Vcc=3.3V±10%, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

Cl (CLK) 

Input capacitance, clock inputs 

f=1MHz 

Cl/0 

Input/Output capacitance, data ports 

Vi=25mVrms 
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M5M4V17405CJ,TP-5r6r7,-5S,-6Sr7S 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


SWITCHING CHARACTERISTICS (Ta=0~70*C, Vcc = 3.3V ±10%, Vss=0V, unless otherwise noted, see notes 6,14,15) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V17405C-5,-5S 

M5M4V17405C-6,-6S 

M5M4V17405C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCAC 

Access time from CAS 

(Note 7.8) 


mm 


15 


20 

ns 

tRAC 


(Note 7,9) 


50 


60 


70 

ns 

tAA 

Column address access time 

(Note 7,10) 


25 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


30 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 7) 


mm 


15 


20 

ns 

tOHC 


(Note 13) 

5 


5 


5 


ns 

tOHR 

Hill iii liilif! 

(Note 13) 

5 


5 


5 


ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


5 


ns 

tOEZ 

Output disable time after OE high 

(Note 12) 


13 


15 


20 

ns 

tWEZ 

Output disable time after WE high 

(Note 12) 


13 


15 


20 

ns 

tOFF 

Output disable time after CAS high 

(Note 12,13) 


mm 


15 



ns 

tREZ 

Output disable time after RAS high 

(Note 12,13) 


13 


15 


20 

ns 

tDOH 


5 


5 


5 


ns 


Note 6:An initial pause of 500 ;u s is required after power-up followed by a minimum of eight initialization RAS cycles. The initialization cycles should be done 
either by RAS -only refresh cycles or by Cas before RAS refresh cycles o nly._ 

Note the RAS may be cycled during the initial pause. And any 8 RaS or rAs/CAS cycles are required after prolonged periods (greater than 32ms) of 
RAS inactivity before proper devic e operation is achieved. 

After the initialization cycles, RaS should be kept either higher than V iH(min) or lower than VlL(max) except RaS transition time. 

7:Measured with a load circuit equivalent to lOOpF. 

The reference levels for measuring of output signals are 2.0V(V OH) and 0.8V(VOL). 

8:Assumes that tRCDStRCD(max) and tASC^tASC(max) and tCPS tCP(max). 

9:Assumes that tRCD^tRCD(max) and tRAD^tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC will 
increase by amount that tRCD exceeds the value shown. 

10:Assumesthat tRAD^ tRAD(max) and tASC^tASC(max). 

11 rAssumes that tCP^tCP(max) and tASCStASC(max). 

12;tOEZ (max), tWEZ(max), tOFF(max) and tREZ(max)defines the time at which the output achieves the high impedance state (I OUTS l±10/x A|) and is not 
reference to VOH(nnin) or VOL(max). 

13:Output is disabled after both RAS and CaS go to high. 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write .Refresh, and Fast-Page Mode Cycles) 

(Ta=0~70*C, Vcc = 3.3V ±10%, Vss=0V, unless otherwise noted, see notes 14,15) 





Limits 


Symbol 

Parameter 


M5M4V17405C-5,-5S 

M5M4yi7405C-6,.«S 

M5M4yi7405C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


32 


32 


32 

ms 

tRP 


30 


40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 16) 

18 

32 

20 

38 

20 

42 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


0 


ns 

tCPN 

CAS high pulse width 

8 


10 


13 


ns 

tRAD 

Column address delay time from RAS low 

(Note 17) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 18) 

0 

10 

0 

13 

0 

13 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

8 


10 


10 


ns 

tDZC 

Delay time, data to CAS low 

(Note 19) 

0 


0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 19) 

0 


0 


0 


ns 

tRDD 

Delay time. RAS high to data 

(Note 20) 

13 


15 


20 


ns 

tCDD 

Delay time, CAS high to data 

(Note 20) 

13 


15 


20 


ns 

tODD 

Delay time, OE high to data 

(Note 20) 

13 


15 


20 


ns 

tr 

Transition time 


1 


1 

50 

1 


ns 


Note 14: The timing requirements are assumed tr=2ns. 

15: VlH(min) and VlL(max) are reference levels for measuring timing of input signals. 

16: tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(tnax), access time is 
controlled exclusively by tCAC or tAA. 

17: tRAD(tnax) is specified as a reference point only. If tRAD^tRAD(niax) and tASC ^ tASC(rnax), access time is controlled exclusively by tAA. 

18: tASC(max) is specified as a reference point only. If tRCDStRCD(max) and tASCStASC(max), access time is controlled exclusively by tCAC. 

19: Either tDZC or tDZO must be satisfied. 

20: Either tRDD or tCDD or tODD must be satisfied. 

21: tJ is measured between VlH(min) and VlL(nnax)._' _ 
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M5M4V17405CJ,TP-5,-6r7,-5Sr6S,-7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 1 

Unit 

M5M4V17405C-5,-5S | 

M5M4V17405C-6,-6s| 


Min 

Max 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

90 


110 


130 


ns 

tRAS 

RAS low pulse width 

50 


60 


70 


ns 

tCAS 

CAS low pulse width 

8 


10 


13 


ns 

tCSH 


40 


48 


55 


ns 

tRSH 

RAS hold time after CAS low 

13 


15 


20 


ns 

tRCS 

Read Setup time before CAS low 

0 


0 


0» 


ns 

tRCH 

Read hold time after CAS high (Note 22) 

0 


0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 22) 

0 


0 


0 


ns 

tRAL 

Column address to RAS hold time 

25 


30 


35 


ns 

tCAL 

Column address to CAS hold time 

13 


18 


23 


ns 

tORH 


13 


15 


20 


ns 

tOCH 


13 


15 


20 


ns 


Note 22: Either tRCH or tRRH must be satisfied for a read cycie. 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 1 

Unit 


M5M4V17405C-6,-6s| 

M5M4V17405C-7,-7S { 

Min 

Max 

Min 

Max 

Min 

Max 

twc 

Write cycle time 

90 


110 


130 


ns 

tRAS 

RAS low pulse width 

50 

lWi!»M 

60 


70 

■nnW«k 

ns 

tCAS 

CAS low pulse width 

8 

IW«!»M 

10 

ItiWAl 

13 

■nnWtk 

ns 

tCSH 

CAS hold time after RAS low 

40 


48 


55 


ns 

tRSH 


13 


15 


20 


ns 

twcs 

1 Write setup time before CAS low (Note 24) 

0 


0 


0 


ns 

tWCH 


8 


10 


13 


ns 

tCWL 

CAS hold time after W low 

8 


10 


13 


ns 

tRWL 

RAS hold time after W low 

8 


10 


13 


ns 

tWP 

Write pulse width 

8 


10 


13 


ns 

tos 

Data setup time before CAS low or W low 

0 


0 


0 


ns 

tDH 

1 A! !• 1 1 1 1 AtKi 1 f:r 

8 


10 


13 


ns 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 1 

Unit 

M5M4V17405C-5,-5s{ 

M5M4V17405C-6,-6s| 

M5M4yi7405C-7,-7S | 

1 Min 1 

Max 

1 Min 1 

Max 

Min 

Max 

tRWC 

Read write/read modify write cycle time (Note 23) 

— 




161 


ns 

tRAS 

RAS low pulse width 

75 

lt»!»W»l 

89 


107 


ns 

tCAS 

CAS low pulse width 

38 

IftliWil 

44 


57 


ns 

tCSH 

CAS hold time after RAS low 

70 


82 


99 


ns 

tRSH 

RAS hold time after CAS low 

38 


44 


57 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 24) 

28 


32 


42 


ns 

tRWD 

Delay time, RAS low to W low (Note 24) 

65 


77 


92 


ns 

tAWD 

Delay time, address to W low (Note 24) 

40 


47 


57 


ns 

tOEH 


13 


15 


20 


ns 


Note 23; tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tHWL(min)+tRP(min)+4tT, 

24; tWCS, tCWD, tRWD and tAWD and, tCPWD are specified as reference points only. If tWCSfetWCS(min) the cycle is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tCWDStCWD(min), tRWDfetRWD(min), tAWD^tAWD(min) and tCPWD^tCPWD(min) (for hyper 
page mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the selected address. If neither of the above 
condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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MITSUBISHI LSIs 

M5M4V17405CJ,TP-5,-6,-7r5S,-6S,-7S 

PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hyper page Mode Cycle 

(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V17405C-5,-SS 

M5M4V17405C-6,-6S 

M5M4V17405C-7,-7S 

Min 

Max 

Min 

Max 

Min 


tHPC 

Hyper page mode read/write cycle time (Note 26) 

20 


25 


30 


ns 

tHPRWC 

Hyper Page Mode read write / read modify write cycle time 

57 


66 


79 


ns 

tRAS 

RAS low pulse width for read or write cycle (Note 27) 

65 


77 


92 

tl»!»!»!«!»l 

ns 

tCP 

CAS high pulse width (Note 28) 

8 

13 

10 

16 

13 

16 

ns 

tCPRH 

RAS hold time after CAS precharqe 

28 


■KlcM 


38 


ns 

tCPWD 

Delay time, CAS precharqe to W low (Note 24) 

43 


50 


60 


ns 

tCHOL 

Hold time to maintain the data Hi-Z until CAS access 

7 


7 


7 


ns 

tOEPE 


7 


7 


7 


ns 

tWPE 


7 


7 


7 


ns 

tHCWD 

Delay time, CAS low to W low after read 

28 


32 


42 


ns 

tHAWD 

Delay time. Address to W low after read 

40 


47 


57 


ns 

tHPWD 

Delay time, CAS precharge to W low after read 

43 


50 


60 


ns 

tHCOD 

Delay time, CAS low to OE high after read 

13 


15 


20 


ns 

tHAOD 

Delay time, Address to OE high after read 

25 


30 


35 


ns 

tHPOD 

Deiay time, CAS precharge to OE high after read 

28 




38 


ns 


Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26: tHPC(min) is specified in the case of read-only and early wrife-only in Hyper Page Mode. 

27: tRAS(min) is specified as two cycles of CAS input are performed. 

28: tCP(max) is specified as a reference point only. 




iS ® 




CAS before RAS Refresh Cycle (Note 29) 


Symbol 

Parameter 

Limits 

Unit 

M5M4yi7405C-5,-5S 

M5M4yi7405C-6,-6S 

M5M4V17405C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

5 


5 


5 


ns 

tCHR 

CAS hold time after RAS low 

10 


10 


15 


ns 

tCAS 

CAS low pulse width 

17 


17 


22 


ns 

tRSR 

Read setup time before RAS low 

5 


5 


5 


ns 

tRHR 


10 


lEEH 


15 


ns 


Note 29: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 


Hidden Refresh Cycle (Note so) 


Symbol 

Parameter 

Limits 

Unit 

M5M4yi7405C-5,-5S 

M5M4yi7405C-6,-6S 

M5M4V17405C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRSR 

Read setup time before RAS iow 

5 


5 


5 


ns 

tRHR 

Read hold time after RAS low 

10 


10 


15 


ns 


Note 30: Read, early write, delayed write, read write or read-modify-write cycle is applicable to hidden refresh cycle, in all cases tRSR and tRHR should be 
satisfied. 


A MITSUBISHI 
ELECTRIC 


5-114 





















































































































































MITSUBISHI LSIs 


M5M4V17405CJ,TP-5,-6,-7,-5S,-6S,-7S 

MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by “S" after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the beiow are 
same as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta=0~70‘C. Vcc = 3.3V ±10%. Vss=0V. unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

MM 


mmm 

lCC8(AV) 

Average supply current 
from Vcc 

Slow-Refresh cycle 

(Note 6) 

M5M4V17405C (S) 

CAS before RAS refresh cycling 
or RAS cycling & CaS^ 0.2V 
^&WE^0.2V 
orOE& WE^Vcc-0.2V 

Ao~ Aio^0.2V 
or Ao~ Aio ^Vcc-0.2V 
tREF=128ms (2048cycles) 
output=OPEN 
tRAS=tRAsmin. ~1s 

1 


500 

nk 

|CC9 (AV)* 

Average supply current 

from vcc 

Self-Refresh cycle 

(Note 6) 

M5M4V17405C (S) 

R^=C^ ^ 0.2V 
output = OPEN 

■ 

■ 

200 





Some 




UVDCQ DAi 


TIMING REQUIREMENTS (Ta=0-70*C, Vgg= 3.3V ±10%, Vss=0V, unless otherwise noted, see notes 14,15) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V17405C-5S 

M5M4V17405C-6S 

M5M4V17405C-7S 


Max 

Min 


Min 

Max 

tRASS 

Self Refresh RAS low pulse width 

100 


100 


100 


MS 

tRPS 

Self Refresh RAS high orecharae time 

90 


110 


130 


ns 

tCHS 

Self Refresh RAS hold time 

HUH 


-50 


-50 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 

Read hold time after RAS low 

10 


10 


15 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (2K) must be made within tNS/ tsN before / after self refresh, on the condition of tNS^32ms and 
tSN^32ms. 


H — 

tNS_^ 


H — ■ H 

.nil- 


Self refresh period 

nil.III!. 

DISTRIBUTED REFRESH 



DISTRIBUTED REFRESH 

< 2K / 32 ms > 



< 2K / 32 ms > 


(2) In case of burst refresh 

The last / first full refresh cycles (2K) must be made within tNS/ tSN before / after self refresh, on the condition of tNs +tsN^32ms. 





BURST REFRESH 
< 2K / 32 ms > 


Self refresh period 


I 



BURST REFRESH 
< 2K / 32 ms > 
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M5M4V17405CJ,TP-5,-6,-7,-5S,-6Sr7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


TEST Mode SET Cycle (Note 31) 


Limits 


M5M4V17405C-5,-5S M5M4V17405C-6,-6S M5M4V17405C-7,-7S 


Min Max Min Max Min Max 


10 


10 10 I I 15 


Note 31 :The test mode function is initiated by a W and CAS before RAS cycle (WCBR cycle) as specified in timin g diag ram. 

The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 

During the test mode, the device is internally organized as 16-bits wide (1M bytes depth). No addressing of CAo, CAi Is required. 

During a write cycle, data must be applied to all DQ {input) pins. The data can be different between DQ pins. The data on each DQ pin Is Written into 
4-bits memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 4-bits, respectively. High state indicates 
that they are same. Low state indicates that they are not same. 

During the test mode operation, only WCBR cycle can be used to perform refresh. 
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M5M4V17405CJ,TP-5r6r7r5Sr6S,-7S 


, thffi ®' 

Natta®- etriC ^ 

SO ^ HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Timing Diagrams (Note 32) 
Read Cycle 




Note 32 



Indicates the don't care input, 
VlH(min)^VlN^VlH(max) or VIL(min)gVlNSVlL(max) 


Indicates the invalid output. 
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M5M4V17405CJ,TP-5,-6,-7r5Sr6S,-7S 


. This is HR are suhl®*^' 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Early Write Cycle 



DQ1~DQ4 _;_!ji£ 

(OUTPUTS) - 
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M5M4V17405CJ,TP-^5,-6r7r5S,-6S,-7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 



DQi~DQ4 ~ 

(INPUTS) - 


DQi~DQ4 
(OUTPUTS) _ 
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M5M4V17405CJ,TP-5,-6,-7,-5Sr6S,-7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V17405CJ,TP-5r6,-7,-5S,-6S,-7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V17405CJ,TP-5,-6,-7,-5S,-6S,-7S 


’ HYPER PAGE MODE 1677721«-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V17405CJ,TP-5,-6,-7,-5S,-6S,-7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hyper Page Mode Read-Write, Read-Modify-Write Cycle 


RAS 


CAS 


Ao~Aio 


W 


DQi~DQ4 


(INPUTS) - 


DQi~DQ4 
(OUTPUTS) 


OE 
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M5M4V17405CJ,TP-5r6r7,-5Sr6Sr7S 


* t7s ia not a to chanS- 

Notice-- «m«ts at« ‘ 

"" HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V17405CJ,TP-5r6,-7,-5Sr6S,-7S 


Some par 




HYPER PAGE MODE 16777216<BIT (4194304'WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V17405CJ,TP-5,-6,-7r5S,-6S,-7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V17405CJ,TP-5,-6r7r5S,-6S,-7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 



A 


MITSUBISHI 

ELECTRIC 


5-127 




















MITSUBISHI LSIs 




M5M4V17405CJ,TP-5,-6,-7,-5S,-6S,-7S 




■.„ iim ts are 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V17405CJ,TP-5,-6,-7,-58,-68,-78 


Not'ca- ‘ Hmits 

Some pafs*"® 


" HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle, Slow Refresh Cycle 







i 

f w 

i 

tASR 


reieTeT«!iil!*TeTeTeVel!iS^^^ 




LWWWviWVJ 




DQi~DQ4 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 
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M5M4V17405CJ,TP-5,-6,-7,-5S,-6S,-7S 




Notice: This ^ are subiect 

some patBrnethc 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 33) 




Note 33: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

In all cases tRSR and tRHR should be satisfied. 
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M5M4V17405CJ,TP-5,-6r7r5S,-6S,-7S 




HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 


Seif Refresh Cycle 



DQi~DQ4 

(INPUTS) 



DQi~DQ4 

(OUTPUTS) 


OE 


tOFF 
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M5M4V17405CJ,TP-5r6r7r5Sr6Sr7S 


HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 
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M5M4V17800AJ,TP-6,-7,-68,-7S 

FAST PAGE MODE 16777216-BIT ( 2097152-WORD BY 8-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 2097152-word by 8-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideai 
for iarge-capacity memory systems where high speed, iow power 
dissipation, and iow costs are essentiai. 

The use of doubie-layer aiuminum process combined with 
tripie-weii CMOS technoiogy and a singie-transistor dynamic 
storage stacked capacitor ceii provide high circuit density at 
reduced costs. Muitipiexed address inputs permit both a reduction 
in pins and an increase in system densities. 

FEATURES 



OE 

access 

time 

(max.ns) 

Cycle 

time 

(mln.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

15 

110 

360 

20 

130 

315 


M5M4V17800AXX-6..6S 


MSM4V17800AXX-7.-7S 


XX = J,TP 


• Standard 28 pin SOJ, 28 pin TSOP 

• Singie 3.3V± 10%suppiy 

• Low stand-by power dissipation 

1.8mW (Max) ..CMOS input ievei 

1.44mW*(Max).. CMOS input ievei 

• Low operating power dissipation 

M5M4V17800AXX- 6, -6S .435.0mW (Max) 

M5M4V17800AXX- 7, -7S — ..380.0mW (Max) 

• Seif refresh capabiiity * 

seif refresh current. . .200. 0uA (M ax) 

• Fast-p age m ode, Read-modify-write,RAS-oniy refresh, CAS 
before RAS refresh. Hidden refresh capabiiities 

• Eariy-write mode and OE to controi output buffer impedance 

• Aii inputs, output TTL compatibie and iow capacitance 

• 2048 refresh cycies every 32ms (Ao~Aio) 

*Appiicabie to seif refresh version (M5M4V17800AJ, TP-6S, 
-7S: option oniy) 

APPLICATION 

Main memory unit for computers, Microcomputer memory. Refresh 
memory for CRT 


PIN CONFIGURATION (TOP VIEW) 

(3.3V) Vcc llj ~ll] Vs 


DATA 

INPUTS/ 

OUTPUTS 


WRITE CONTROL 
INPUT 

ROW ADDRESS 
STROBE INPUT 


ADDRESS 

INPUTS 


(3.3V) Vcc IT 
r DQ1 u 
^TA DQ2 [T 
JTS DQ3 [T 
DQ4 [T 

K _w E 
ISIS RASE 

NC [I 
' AioU 
Ao Eo 

i?ii aiei 

A2 H 
. As H 
(3.3V) Vcc in. 


m vss (ov) 

iz] DQs' 

D DQr DATA 
-1 r INPUTS/ 

ID DQs OUTPUTS 

m DQs ^ 

551 7^7^ COLUMN ADDRESS 
L/ft& STROBE INPUT 
22l7=5c OUTPUT ENABLE 

H] A9 ' 

Has 

iS A7 1 ADDRESS 
HAS PNPUTS 

13 As 

H A4 , 

.m Vss (OV) 


Outline 28P0K (400mil SOJ) 


(3.3V) Vcc K 
' DQi [I 
DATA DQ2 [I 
OUTPUTS DQs [T 


WRITE CONTROL iai re- 
INPUT _ 

ROW ADDRESS RAS IZ 
STROBE INPUT _ 


i] VSS (OV) 
27| DQs' 

H dQ 7 I c 

^ DQs Ic 


DATA 

INPUTS/ 

OUTPUTS 


ADDRESS 

INPUTS 


NC U 
' Aio Cl 
A o H 

ifii aie 

A2 M 
. As E 

(3.3V) Vcc E_ 

Outline 28P3Y- 


24] DQs J 

23l T^To’COLUMN ADDRESS 
£21 OAtj STROBE INPUT 

221 75c- OUTPUT ENABLE 

—> INPUT 

ID A9 ' 

^ As 

iH A7 1 address 

HAS pNPUTS 
i3 As 
iI]A4 , 

_m Vss(OV) 

(400mil TSOP) 

NC: NO CONNECTION 
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M5M4V17800AJ,TP-6,-7,-68,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


FUNCTION 

The M5M4V17800AJ, TP provide, in addition to normal read, functions, e.g., fast page mode, RAS-only refresh, and 

write, and read-modify-write operations, a number of other deiayed-write. The input conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

Remark 



W 

OE 

Row 

address 

Column 

address 

Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Fast page 

mode 

Identical 

Write (Early write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 

Read-modify-wrIte 

ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

RAS-only refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

DNC 

ACT 

APD 

DNC 

OPN 

VLD 

YES 


Self refresh 

ACT 

ACT 

DNC 

DNC 

DNC 

DNC 

. DNC 

OPN 

YES 


CAS before RAS refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Standby 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note : ACT : active, NAC : nonacdve, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 
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MITSUBISHI LSIs 

M5M4V17800AJ,TP-6,-7,-63,-7S 

FAST PAGE MODE 16777216-BIT ( 2097152-WORD BY 8-BIT) DYNAMIC RAM 


Conditions 


With respect to Vss 


ABSOLUTE MAXIMUM RATINGS 


Symbol 


Supply voltage 


Input voltage 


Output voltage 


Output current 


Power dissipation 


Operating temperature 


Storage temperature 


RECOMMENDED OPERATING CONDITIONS (Ta.o ~70lC, unless otherwise noted) (Note 1) 


Limits 


Min Norn Max 


3.3 3.6 


0 0 


Ratings 


.6 


-0.5~4.6 


-0.5~4.6 




50 

mA 

1000 

mW 

0~70 

C 

-65~150 

C 



Symbol 

Parameter 

Vcc 

Supply voltage 

Vss 

Supply voltage 

VlH 

High-level input voltage, all inputs 

ViL 

Low-level input voltage, all inputs 




Note 1 : All voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta = 0~70C, Vcc = 3.3V±10%, Vss = OV, unless othenvise noted) (Note 2) 



Test conditions 


Limits 


Min Typ 



High-level output voltage 


Low-level output voltage 


Off-state output current 


Input current 


loH = -2.0mA 


loL= 2.0mA 


Q floating 0 VSVout53.3V 


OVSViN ^3.6V. Other inputs pins = OV j -10 


Average supply current M5M4Vi7800A-6,-6S RAS.C^ cycling 

lcci (AV) from Vcc operating - tnc =’twc = min. 

(Note 3.4) M 5 M 4 Vi 7800 A- 7 ,- 7 S output open 


Supply current from Vcc, stand-by 


RAS = CAS =ViH, output open 


Average supply current M5M4V17800A-6,-6s cycling. CAS = Vih 

Icc3 (AV) from Vcc - tac = min. 

refreshing (Note 3) M5M4V1780oa-7.-7S output open 


Average supply current m5M4V17800A-6,-6S ras = V.u CAS cycling 

^ _ tpc=min. 

Fast-Page-Mode output open 

(Note 3.4) M5M4V17800A-7,-7S 



Average supply current 
from Vcc _ 

Ices (AV) CAS before RAS refresh 
mode 


M5M4V17800A-6.-6S tcts . « 

CAS before 
esh - tRC = min. 

(Note 3) M5M4V17800A-7.-7S OP®'^ 


CAS before RAS refresh cycling 
tRC = min. 



Note 2; Current flowing into an 1C is positive, out is negative. 

3: lcci (AV). Icc3 (AV). ICC4 (AV) and Icce (AV) are dependent on circle rate. Maximum current is measured at the fastest cycle rate. 
4: lcci (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

CAPACITANCE (Ta = 0~70lC. Vcc = 3.3V±10%, Vss = OV, unless othenwise noted) 


Limits 


Min Typ 


Symbol 

Parameter 

Test conditions 

Cl (A) 

Input capacitance, address Inputs 


Cl(OE) 

Input capacitance. OE input 


C\m 

Input capacitance, write control input 

f 1 MHz 

Cl (RAS) 

Input capacitance. RAS input 

Vi = 25mVrms 

Cl (CAS) 

Input capacitance. CAS input 


Cl/0 

Input/Output capacitance, data ports 
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MITSUBISHI LSIs 

M5M4V17800AJ,TP-6,-7,-63,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


SWITCHING CHARACTERISTICS {Ta = 0~70'C, Vcc = 3.3V±10%, Vss = OV, unless othenwise noted, see notes 5,12,13) 





Limits 


Symbol 

Parameter 


M5M4V17800A-6.-6S 

M5M4V17800A-7,-7S 

Unit 




I2IDI 

KB 

UB 



tCAC 

Access time from CAS 

(Note 6,7) 


mm 


bk 

ns 

tRAC 

Access time from RAS 

(Note 6,8) 


60 


mm 

ns 

tAA 

Columu address access time 

(Note 6,9) 





ns 

tCPA 

Access time from CAS precharge 

(Note 6,10) 


KB 



ns 

tOEA 

Access time from SE 

(Note 6) 


mm 



ns 

tCLZ 

Output low Impedance time from CAS low 

(Note 6) 

5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 11) 

0 

mm 

0 

KB 

ns 

tOEZ 

Output disable time after DE high 

(Note 11) 

0 

15 

0 

KB 

ns 


Note 5 : An initial pause of 500^ s is required after power-up followed by a minimum of eight Initialization cycles (any combination of cycles containing aRAS 
clock such as RAS-Only refresh). 

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 32 ms) 
of RAS Inactivity before proper device operation Is achieved. 

6 : Measured with a load circuit equivalent to 2TTL loads and 100pF. 

7 : Assumes that tRCD^tnco (max) and tAScSttAsc (max). 

8 ; Assumes that tncDfitRCD (max) and tRAO^tRAO (max). If tRCO or Irad is greater than the maximum recommended value shown In this table, tRAC will 

Increase by amount that tRCD exceeds the value shown. 

9 : Assumes that tRAo^tRAo (max) and tAsc^tAsc (max). 

10 : Assumes that tcp^tcp (max) and tAScj£;tAsc (max). 

11 : toFF (max) and toEZ (max) defines the time at which the output achieves the high impedance state (Iout^I± 10/^AI) and is not reference to VoH(min) 

orVoL(max). 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta = 0~70°C, Vcc = 3.3V±10%, Vss = OV, unless otherwise noted See notes 12,13) 





Limits 


Symbol 

Parameter 


M5M4Vl78A00-6,-6S 

M5M4V17800A-7,-7S 

Unit 






kb 

kibi 


tREF 

Refresh cycle time 


I^B 


kbi 

ms 

tRP 

RAS high pulse width 

kb 


IKI 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note14) 


45 

II^K 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


KB 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

Gas high pulse width 

KB 


10 


ns 

tRAD 

Column address delay time from RAS iow 

(NotelS) 

KB 

KB 

KB 

^^311 

ns 

tASR 

Row address setup time before RAS iow 

0 


0 


ns 

tASC 

Column address setup time before CaS low 

(Note16) 

0 

KB 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


ns 

tCAH 

Column address hold time after CAS low 

kb 


HB 


ns 

tDZe 

Delay time, data to CAS low 

(Note17) 

0 


0 


ns 

tDZO 

Delay time, data to ^ low 

(Note17) 

0 


0 


ns 

tCDO 

Delay time, CaS high to data 

(Note18) 

KB 


HB 


ns 

tODD 

Deiay time, OE high to data 

(Note18) 

KB 


15 


ns 

tr 

Transition time 

(Note19) 

' 

KB 

1 

50 

ns 


Note 12; The timing requirements are assumed tr =5ns. 

13 : ViH (min) and Vil, (max) are reference levels for measuring timing of input signals. 

14 ; tRCD (max) is specified as a reference point only. If Ircd is less than tRCD (max), access time is tRAC. If tRCD Is greater than tRCD (max), access time 

is controlled exclusively by tcAC or Iaa. Ircd (min) is specified as tRco (min) = Irah (min) + 2tH + Use (min). 

15 : tRAD (max) is specified as a reference point only. If Irad ^Irad (max) and tAsc ^tAsc (max), access time is controlled exclusively by tAA 

16 : tAsc (max) is specified as a reference point only. If tRco ^tRco (max) and tAsc^tAsc (max), access time is controlled exclusively by tcAC. 

17 : Either tozc or tozo must be satisfied. 

18 : Either tcoD or tooD must be satisfied. 

19 : tr is measured between Vih (min) and Vil (max). 
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MITSUBISHI LSIs 

M5M4V17800AJ,TP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT ( 2097152-WORD BY 8-BIT) DYNAMIC RAM 


Read and Refresh Cycles 


Symbol 


Parameter 


Read cycle time 


RAS low pulse width 


CAS low pulse width 


CAS hold time after RAS low 


tnsH 


RAS hold time after CAS low 


Road Setup time after CaS high 


Read hold time after CAS low 


Read hold time after RAS low 


tRAL 


Column address to RAS hold time 


tOCH 


CAS hold time after OE low 


tORH 


RAS hold time after OE low 


Note 20: Either tRCH or tRRH must be satisfied for a read cycle. 
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MITSUBISHI LSIS 

M5M4V17800AJ,TP-6,-7,-6Sr7S 

FAST PAGE MODE 16777216-BIT ( 2097152-WORP BY 8-BIT) DYNAMIC RAM 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V17600A-6,-6S 

M5M4V17a00A-7,-7S 

MW 

mmm 

MW 


tRWC 

Read write/read modify write cycle time (Note21) 



wm 


ns 

tRAS 

hAS low pulse width 

105 

10000 



ns 

tCAS 

CAS low pulse width 



70 


ns 

tCSH 

CAS hold time after RAS low 

■Oi 


1^1 


ns 

tRSH 

HAS hold time after CAS low 

Si 


mm 


ns 

tRCS 

Read setup time before CAS low 

uniiiiiii^ii 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note22) 

40 


mm 


ns 

tRWD 

Delay time, RAS low to W low (Note22) 

mm 




ns 

tAWD 

Delay time, address to W low (Note22) 



wmm 


ns 

tCWL 

CAS hold time after W low 

mm 




ns 

tRWL 

RAS hold time after W low 

15 


IflQI 


ns 

tWP 

Write pulse width 

10 


■El 


nS 

tos 

Data setup time before W low 

0 


0 


ns 

tOH 

Data hold time after W low 

10 


■Ei 


ns 

tOEH 

^ hold time after W low 

mm 


■■ 


ns 


Note 21 : tRWC is specified as tRWc (min) = Irac (max) + tooo (min) + fRWL (min) + Irp (min) + Str. 

22: twcs, tcwD, tRWD and tAWo and, tcpwo are specified as reference points oniy. If twcs^twcs (min) the cycle is an early write cycle and the 

DQ pins will remain high Impedance throughout the entire cycle. If tcwo^tcwD(niin), tRWD^tRwo (min), tAwo^tAwo (min) and tcpwo^tcpwo (min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will co ntain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to Vih) is indeterminate. 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 





Limits 


Symbol 

Parameter 


M5M4V17800A-6,-6S 

M5M4V178[)0A-7,-7S 

Unit 





2 ^i[i 

120111 



tPC 

Fast page mode read/Write cycle time 

mm 


■a 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

■a 




ns 

tRAS 

RAS low pulse width for read write cycle 

(Note24) 

mill 


mam 


ns 

top 

CAS high pulse width 

(Note25) 


wm 

wm 

wm 

ns 

toPRH 

RAS hold time after CAS precharge 



wm 


ns 

toPWD 

Delay time, CAS precharge to W low 

(Note22) 

wm 


wm 


ns 


Note 23; All previously specified timing reouire merits and switching characteristics are applicable to their respective fast page mode cycle. 
24; tRAS (min) is spMified as two cycles of CAS input are performed. 

25: tcp (max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 26 ) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V17a00A-6,-6S 

M5M4V17a00A-7,-7S 

12131 

loom 

I2B 


toSR 

CAS setup time before RAS low 

■El 


10 


ns 

tCHR 

CAS hold time after HAS low 

10 


■■ 


ns 

tRSR 

Read setup time before RAS low 

10 


mm 


ns 

tRHR 

Read hold time after HAS low 



mm 


ns 


Note 26; Eight or more CAS before fiAS cycles instead of eight RA6 cycles are necessary for proper operation of CAS before RAS refresh 
mode. 
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MtTSUBISHI LSIs 


M5M4V17800AJ,TP-6,-7,-6Sr7S 

FAST PAGE MODE 16777216-BIT ( 2097152-WORD BY 8-BIT) DYNAMIC RAM 


Timing Diagrams (Note 27 ) 
Read Cycle 


tRPC tCRP 


DQ1~DQ4 Voh - 

(OUTPUTS) _■ 


: ROW ' 
ADDRESS 
[Ao~Al 1 1 


COLUMN’ 
ADDRESS 
Ao~A9 1 


ROW 

ADDRESS 


DQ1~DQ4 

(INPUTS) 


^ Indicates the don't care input. 

pit ViH(min)^ViN^ViH(max) or ViL(min)^ViN^ViL(max) 

^ Indicates the invalid output. 
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M5M4V17800AJJP-6,-7r6Sr7S 

FAST PAGE MODE 16777216-BIT ( 2097152-WORD BY 8-BIT) DYNAMIC RAM 


RAS-only Refresh Cycle 
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MITSUBISHI LSIS 


M5M4V17800AJ,TP-6,-7,-6Sr7S 

FAST PAGE MODE 16777216-BIT ( 2097152-WORD BY 8-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 28 ) 



DQi~DQ4 Vih - 
(INPUTS) 


DQi~DQ4 Voh- 
(OUTPUTS) 



Note 28: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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M5M4V17800AJ,TP-6r7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


TEST Mode SET Cycle 


Symbol 

Parameter 

Limits 

Unit 

M5M4V17a00A.6.-6S 

M5M4Vl7800A-7,-7S 



12131 


tWSR 

W setup time before Ras low 

mm 


mm 


ns 

tWHR 

Whold time after Ras low 

10 


mm 


ns 


Note 29: The test mode function is initiated by a'W and fc AS te fore cy cle (WCBR cycie) as specified in timin g diag ram. 

The test mode function is terminated by either a CAS before RAS refresh cycie (CBR refresh cycle) or a RAS only refresh cycle. 
During the test mode, the device is internaiiy organized as 16 bits wide (1M bytes depth). No addressing of CAO, cA1 is required. 
During a write cycle, data must be applied to all DQ rinput) pins. The data can be difterent between DQ pins. The data on each DQ 
pin is written into 2 bits memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 2 bits, 
respectively. High state indicates that they are same. Low state indicates that they are not same. 

During the test mode operation, WCBR cycle can be used to perform refresh. 



DQa O' 
DQ4 O 



» rnrr 

#3 

■> 1 #4 

■ X #6 
» l #7 
■> { #8 
» l #9 
■ X #10 

X #11 

X I #12 

■> < #13 

■X i #14 
X #15 

X #16 


]—( JUDGE y 

-X-O DQi 

]—( JUDGE y 

-X-O DQz 

]—( JUDGE y 

-X-O DQa 

K JUDGE > 

-X-O DQ4 

]—( JUDGE y 

-X-O DQs 

]—( JUDGE y 

-X-O DQs 

]—( JUDGE y 

-X-O DQr 

]—( JUDGE y 

-XO DQs 
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M5M4V17800AJ,TP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT ( 2097152-WORD BY 8-BIT) DYNAMIC RAM 


TEST Mode SET Cycle 


DQi~DQ4 

(INPUTS) 


DQi~DQ4 

(OUTPUTS) 





A 


MITSUBISHI 

ELECTRIC 


5 - 151 







MITSUBISHI LSIs 

M5M4V17800AJ,TP-6r7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -6S / -7S. The other characteristics and requirements than the 
below are same as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta = o ~70'C, Vcc = 3.3V±10%, Vss = OV, unless othenwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

1 Limits 

Unit 


BB 


|CC9 (AV) 

Average supply current 
from vcc 

Self-Refresh cycle 

M5M4V17800A(S) 

^ = CAS £ 0.2V 

■ 

■ 

200 

aA 


TIMING REQUIREMENTS (Ta = 0~70T:. Vce = 3.3V±10%, Vss = OV, unless otherwise noted See notes 12,13) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V17800A-6S 

M5M4V17800A-7S 

Min 

Max 

Min 

Max 

tRASS 

Self Refresh RAS low pulse width 

100 


100 



tRPS 

Self Refresh RAS high precharge time 

110 


130 



tCHS 

Self Refresh RaS hold time 

-50 


-50 



tRSR 

Read setup time before RAS low 

10 


10 


■a 

tRHR 

Read hold time after RAS low 

10 


10 




SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (2K) must be made within tNs / tsN before / after self refresh, 
on the condition of tNs ^ 32 ms and tsN ^ 32 ms. 



DISTRIBUTED REFRESH DISTRIBUTED REFRESH 

< 2K / 32 ms > < 2K / 32 ms > 


(2) In case of burst refresh 

The last / first full refresh cycles (2K) must be made within Ins / tsN before / after self refresh, 
on the condition of tNs + tsN ^ 32 ms. 



tSN 




1-i 


BURST REFRESH 
<2K/32ms> 


BURST REFRESH 
< 2K / 32 ms > 
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Seif Refresh Cycle 
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s M5M4V17800C J,TP-5r6r7, 

-58,-68,-78 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 2097152-word by 8-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 


Type name 



PIN CONFIGURATION (TOP VIEW) 

vcc [T "o 

DQi|T 

DQaCI 

DQ3[4 

DQ4H 

■w[l I 

< 

NCE 3 

AlO [1 8 

p 

AO [io 
A1 [n 
A2 02 
A3 El 

vccEi 


•Standard 28pin SOJ, 28pin TSOP 
•Single 3.3V±10% supply 
•Low stand-by power dissipation 

1.8mW (Max)-CMOS Input level 

0.72mW (Max)*..CMOS Input level 

•Low operating power dissipation 

M5M4V17800Cxx-5,-5S ..525.0mW (Max) 

M5M4V17800Cxx-6,-6S..- -435.0mW (Max) 

M5M4V17800Cxx-7,-7S...-.380.0mW (Max) 

•Self refresh capability * 

Self refresh current..--200.0/<A(Max) 

• Fast-page mode, Read-modify-write, RAS-only refresh 
•CAS before RAS refresh. Hidden refresh capabilities 
Early-write mode and OE to control output buffer impedance 
•All inputs, output TTL compatible and low capacitance 
•2048 refresh cycles every 32ms (Ao~Aio) 

• Applicable to self refresh version (M5M4V17800CJ,TP-5S,-6S, 
-7S:option) only 


Outline 28P0N-A {400mil SOJ) 


APPLICATION 

Main memory unit for computers. Microcomputer 
memory for CRT 


memory. Refresh 


PIN DESCRIPTION 



< 

H OE 

ncE 

s 

IS A9 

AlO [g 

8 

20] As 


H 


AO Eo 


TH A7 

A1 E 


iH AS 

A2 El 


17] AS 

A3E1 


il A4 


Outline 28P3N-C (400mil TSOP) 


NC:NO CONNECTION 
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M5M4V17800CJ,TP-5,-6,-7,-5S,-6S,-7S 


VmVas i 

" FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


FUNCTION 

The M5M4V17800CJ, TP provide, in addition to normal read,write, e.g., fast page mode, RAS-only refresh, and delayed-write. The 

and read-modify-write operations, a number of other functions, input conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Output 

Refresh 

Remark 

RAS 

CaS 

W 

OE 

HRSBi 


Input 


Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Fast 

page 

mode 

identical 

Write (Early write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 


ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

RAS-only refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

NAC 

ACT 

APD 

DNC 

OPN 

VLD 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 



ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


1 Stand-bv_ 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note: ACT; active, NAG; nonactive, DNC; don't care, VLD ; valid, IVO; invalid, APO; applied, OPN; open 


BLOCK DIAGRAM 



)VCC(3.3V) 

)VSS(0V) 


)OQ^^ 

|DQ2 

|DQ3 

)DQ4 

IDQ5 

|DQ6 

|DQ7 

IDQ8 


DATA 

INPUTS/OUTPUTS 


)OE OUTPUT ENABLE 
INPUT 
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M5M4V17800CJ,TP-5,-6,-7,-5S,-6Sr7S 

FAST PAGE MODE 16777216-BIT (2097152-WORb BY 8-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-0.5 ~ 4.6 

V 

Vi 

Input voltage 

-0.5 ~ 4.6 

V 

Vo 

Output voltage 

-0.5 ~ 4.6 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25°C 

1000 

mW 

Topr 

Operating temperature 


o 

1 

o 

_ 

'C 

Tstg 

Storage temperature 


1 -65 ~ 150 

•c 





RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C , unless otherwise noted) (Note 1 ) 


Symbol 

Parameter 

I Limits 

Min 

Norn 

Max 

Vcc 

Supply voltage 

3.0 

3.3 

3.6 

Vss 

Supply voltage 

0 

0 

0 

VIH 

High-level input voltage, all inputs 

mim 



VIL 

Low-level input voltage, all inputs 

BsZsMl 


1139 



Note 1: All voltage values are with respect to Vss. 

* *: VIL(min.) Is -2.0V when undershoot width Is less than 25ns. (Undershoot width Is with respect to Vss.) 


ELECTRICAL CHARACTERISTICS (Ta=0~70"C, Vcc=3.3V±10%, Vss=0V, unless othenwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

Min 1 

B9 


VOH 

High-level output voltage 

IOH=-2.0mA 

msm 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=2.0mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating 0 V^Vout^3.6V 

-10 


10 

aa 

li 

Input current 

OV^ViN ^3.6V, Other inputs oins=OV 

-10 


mm 

aA 

ICCI (AV) 

Average supply current 
from Vcc, operating 

(Note 3,4) 

M5M4V17800C-S,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



145 

mA 

M5M4V17800C-6,-6S 



120 

M5M4V17800C-7,-7S 



■B 

|CC2 

Supply current from Vcc, stand-by (Note 5) 

RAS= CAS =ViH. output open 



2 

mA 

R^=C^^ Vcc-0.2V 



0.5 

lCC3 (AV) 

Average supply current 
from Vcc, refreshing 

(Note 3) 

1 M5M4V17800C-5,-5S 

RAS cycling, CAS= Vm 

tRC=min. 

output open 



145 

mA 





M5M4V17800C-7,-7S 



105 

lCC4(AV) 

Average supply current 
from Vcc, Fast-Page- 
Mode (Note 3,4) 

M5M4V17800C-5,-5S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



80 

mA 




70 

M5M4V17800C-7,-7S 




|CC6(AV) 

Average supply current_ 

from VCC, CAS before RAS 
refresh mode 

M5M4V17800C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



145 1 

mA 

MSM4V17800C-6,-6S 



120 1 

M5M4V17800C-7,-7S 



B9 


Note 2; Current flowing Into an 1C Is positive, out Is negative. 

3; ICC1 (AV), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4; Icci (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 


CAPACITANCE (Ta=0-70”C, Vcc=3.3V±10%, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Cl (A) 

Input capacitance, address inputs 


Cl(OE) 

Input capacitance, OE input 

Vi=Vss 

C|(W) 

Input capacitance, write control input 

f=1MHz 

Vi=25mVrms 

Cl(R^) 

Input capacitance, RAS input 

Cl {C^) 

Input capacitance, CAS input 


Cl/0 

Input/output capacitance, data ports 
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M5M4V17800CJ,TP-5,-6,-7,-5Sr6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 






SWITCHING CHARACTERISTICS (Ta=0~70*C, Vcc=3.3V+10%, Vss=0\/, unless othenwise noted, see notes 5,12,13) 





Limits 


Symbol 

Parameter 


M5M4V17800C-5,-5S 

M5M4V17800C-6,-6S 

M5M4V17800C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tCAC 

Access time from CAS 

(Note 6,7) 


13 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note 6,8) 


50 


60 


70 

ns 

tAA 

Column address access time 

(Note 6,9) 


25 


30 


35 

ns 

tCPA 

Access time from CAS orecharae 

(Note 6,10) 


30 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 6) 


13 


15 


20 

ns 

tCLZ 

Output low impedance time from CAS low 

(Note 6) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 11) 

0 

13 

0 

15 

0 

15 

ns 

tOEZ 

Output disable time after OE high 

(Note 11) 

0 

13 

0 

15 

0 

15 

ns 


Note 5:An initial pause of 500;u s is required after power-up followed by a minimum of eight initialization RAS cycles. The initialization cycles should be done 
either by RAS -only refresh cycles or by CAS before RAS refresh cycles o nly. _ 

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 32ms) of 

RAS inactivity before proper devic e operation is achieved. _ 

After the initialization cycles, RAS should be kept either higher than VlH(tnin) or lower than VIL(max) except RAS transition time. 

6:Measured with a load circuit equivalent to 2TTL loads and lOOpF. The reference levels for measuring of output signals are 2.0V(VOH) and 0.8V(VOL). 
7;Assumes that tRCD^tRCD(max) and tASCStASC(max). 

8:Assumes that tRCD^tRCD(max) and tRADStRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC will 
increase by amount that tRCD exceeds the value shown. 

9:Assumes that tRADStRAD(max) and tASC^tASC(max). 

10:Assumes that tCPStCP(max) and tASCS tASC(max). 

11:tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (lOUT ^|±10;/A |) and is not reference to VOH(min) 
or VOLfmax). 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta=0~70 “C, Vcc=3.3V ±10%, Vss=0V, unless othenwise noted, see notes 12,13) 





Limits 


Symbol 

Parameter 


M5M4V17800C-5,-5S 

M5M4V17aOOC-6,-6S 

M5M4V17800C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


32 


32 


32 

ms 

tRP 

RAS high pulse width 

30 


40 


50 


ns 

tRCD 


(Note 14) 

18 

mm 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


10 


ns 

tRPC 


0 


0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 15) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 16) 

0 

10 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

13 


15 


15 


ns 

tDZC 

Delay time, data to CAS low 

(Note 17) 

0 


0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 17) 

0 


0 


0 


ns 

tCDD 

Delay time, CAS high to data 

(Note 18) 

13 


15 


15 


ns 

tODD 

Delay time, OE high to data 

(Note 18) 

13 


15 


15 


ns 

tT 

Transition time 

(Note 19) 

1 

50 

1 

50 

1 

50 

ns 


Note 12:The timing requirements are assumed tT=5ns. 

13;VIH(min) and VlL(max) are reference levels for measuring timing of input signals. 

14:tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(inax), access time is tRAC. if tRCD is greater than tRCD(max), access time is 


controlled exclusively by tCAC or tAA. tRCD(min) is specified as tRCD(min) =tRAH(min) +2tH+tASC(min). 

15:tRAD(max) is specified as a reference point only. If tRAD StRAD(max) and tASC ^ tASC(max), access time is controlled exclusively by tAA. 
16:tASC(max) is specified as a reference point only. If tRCD StRCD(max) and tASC — tASC(max), access time is controlled exclusively by tCAC 
17:Either tDZC or tDZO must be satisfied. 

18: Either tCDD or tODD must be satisfied. 

19:tT is measured between VlH(min) and VlL(max). 
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MITSUBISHI LSIs 

M5M4V17800CJ,TP-5r6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


Read and Refresh Cycles 




Read cycle time 


RAS low pulse width 


low pulse width 


CAS hold time after RAS low 


Read setuo time after CAS hioh 


Read hold time after CAS low 


Read hold time after RAS low 


Column address to RaS hold time 


CAS hold time after OE low 




: Either tRCH or tRRH must be satisfied for a read cycle. 


IIBil 


Limits 


M5M4V17800C-S,-SS MSM4V17800C-6,-6S MSM4V17800C-7,-7S 


Min Max Min 


110 


15 


60 


15 


0 


IQSSSI KESSSI 




Write Cycle (Early Write and Delayed Write) 
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M5M4V17800CJ,TP-5,-6,-7r5Sr6Sr7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V17800C-5,-5S 

M5M4V17800(>6,-«S 

M5M4V17800C-7,-7S 

Min 

Max 

Min 

MiM 

Min 

Max 

tRWC 

Read write/read modify write cycle time (Note 21) 

131 


155 


■Elil 


ns 

tRAS 

RAS low pulse width 

91 

INMiM 

105 


120 


ns 

tCAS 

CAS low pulse width 

54 

ir»w»i 

60 

■mom 

70 

ItiSWil 

ns 

tCSH 

CAS hold time after RAS low 

91 


105 


120 


ns 

tRSH 


54 


60 


70 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 22) 

36 


40 


45 


ns 

tRWD 

Delay time, RAS low to W low (Note 22) 

73 


85 


95 


ns 

tAWD 

Delay time, address to W low (Note 22) 

48 


55 


60 


ns 

tCWL 

CAS hold time after W low 

13 


15 


20 


ns 

tRWL 

RAS hold time after Wlow 

13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


10 


ns 

tDS 

Data setup time before W low 

0 


0 


0 


ns 

tDH 

Data hold time after W low 

8 


10 


15 


ns 

tOEH 

OE hold time after W low 

13 


15 


15 


ns 


Note 21 ;tRWC is specified as tRWC(min)=tHAC(max)+tODD(niin)+tRWL{min)+tRP(min)+5tT. 

22:tWCS, tCWD, tRWD and tAWD and, tCPWD are specified as reference points only. If tWCS^tWCSfmin) the cycle is an early write cycle and the DQ pins will 
remain high impedance throughout the entire cycle. If tcwDStcwDfmin), tRWDStRWD (min), tAWDStAWD(min) and tCPWDStCPWD(min) 

(for fast page mode cycle only), the cycle Is a read-modify-wrlte cycle and the DQ will co ntain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to ViH) Is indeterminate. 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 





Limits 


Symbol 

Parameter 


M5M4V17800C-5,-5S 

M5M4V17800C-6,-6S 

M5M4V17800C-7,-7S 

Unit 




Min 


Min 


Min 



tPC 

Fast page mode read/write cycle time 

35 


40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write,cycle time 

76 


85 


95 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note 24) 

85 


100 

IKMlUm 

115 


ns 

tCP 

CAS high pulse width 

(Note 25) 

8 

12 

10 

mm 

10 

15 

ns 

tCPRH 

RAS hold time after CAS precharge 

30 


35 


40 


ns 

tCPWD 

Delay time, CAS precharge toW low 




60 


■EM 


ns 


Note 23: All previously specified timing require ments and switching characteristics are applicable to their respective fast page mode cycle. 
24: tRAS(min) Is specified as two cycles of CAS input are performed. 

25: tCP(max) Is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 26 ) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V17800C-S,-5S 

M5M4V17800C>6,-6S 

M5M4V17800C-7,-7S 

Min 

Max 

Min 

MM 

Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 


10 


15 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 


10 


10 


15 


ns 


Note 26: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 
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MITSUBISHI LSIs 

M5M4V17800CJ,TP-5r6,-7,-58,-68,-78 


FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S“ after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta=0~70*C, \/cc=3.3V ±10%, Vss=0V, unless othenwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

BB 

Max 

ICC8(AV) 

Average supply current 
from vcc 

Slow-Refresh cycle 

(Note 5) 

M5M4V17800C (S) 

CA§ before RAS refresh cycling 
or RAS cycling & CAS ^0.2V 
^&WE^0.2V 
orOE&WE^Vcc-0.2V 

Ao~ Aio^0.2V 
or Ao ~ Aio ^Vcc-0.2V 
tREF=128ms (2048cycles) 
output = OPEN 
tRAS=tRAsmin. ~1 /<s 



500 

aA 

ICC9(AV)* 

Average supply current 
from Vcc 

Self-Refresh cycle 

(Note 5) 

M5M4V17800C (S) 

RAS = CAS ^ 0.2V 
output = OPEN 

■ 

■ 

200 

fiA 


TIMING REQUIREMENTS (Ta=0~70*c, Vcc=3.3V ±10%, Vss=0V, unless otherwise noted, see notes 12,13) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V17800C-5S 

M5M4V17800C-6S 

M5M4V17800C-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRASS 

Self Refresh RAS low pulse width 





wrm 


AS 

tRPS 

Self Refresh RAS high precharoe time 

KB 


110 


■EB 


ns 

tCHS 

Self Refresh RAS hold time 

-50 


-50 


-50 


ns 

tRSR 

Read setup time before RAS low 

10 


10 


10 


ns 

tRHR 




10 


■a 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, on the condition of tNs^32ms and 
tsN^32ms. 


U_ 

tNS 


tSN 

—J 




r 


. 111 i... 

-III 1 

Self refresh period 

II11-— 

.1 III.... 

111 1 

_ 1 

Ml 

DISTRIBUTED REFRESH 
<2K/32ms> 



DISTRIBUTED REFRESH 
<2K/32ms> 


(2) In case of burst refresh 

The last / first full refresh cycles (2K) must be made within tNs / tsN before / after self refresh, on the condition of tNS+tSN^32ms. 





KH 


1 IT" 

BURST REFRESH 
<2K/32ms> 

T ^_ 

Self refresh period 

_nr 

“11 r 

BURST REFRESH 
< 2K / 32 ms > 
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FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


TEST Mode SET Cycle 



Note 27:The test mode function is initiated by aW and C AS b efore R AS cy cie (WCBR cycie) as specified in timi ng dia gram. 

The test mode function is terminated by either a CAS before RAS refresh cycie (CBR refresh cycie) or a RAS only refresh cycie. 

During the test mode, the device is internaiiy organized as 16-bits wide (IM bytes depth). No addressing of CAo is required. 

During a write cycle, data must be applied to ail DQ (Input) pins. The data can be different between OQ pins. The data on each DQ pin is written into 
2-bits memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 2-bits, respectively. High state indicates 
that they are same. Low state indicates that they are not same. 

During the test mode operation, only WCBR cycle can be used to perform refresh. 
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Timing Diagrams (Note 28 ) 
Read Cycie 


FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


■ ROW^ 
ADDRESS 
• A0~A10 ] 


Use tCAH 


COLUMN ■ 
ADDRESS 
Ao~A9 j 


tRPC tCRP 



ROW 

ADDRESS 


DQi~DQ8 < 

(INPUTS) viL-i 


DQi~DQ8 
(OUTPUTS) VOL-' 


tDZO . tOEA 


Indicates the don't care Input. 
VlH(min)£VlN^VlH(max) or VlL(mln)^VlN^VlL(max) 


Indicates the Invalid output. 
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CAS before RAS Refresh Cycle, Slow Refresh Cycle 








1 

> 

o 

VIL 

w 

VIH 


ViL 

DQi~DQ8 

ViH 

(INPUTS) 

ViL 

DQi~DQ8 

VOH 

(OUTPUTS) 

VOL 




reTeTHiKT«r«:eTeTeT«^^ 
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Hidden Refresh Cycle (Read) (Note 29) 




a twa* ctsar>9B' 

TSirt IS I'O' a siibsect w 

Novice- ® ' ,ac Hroi's aie 




Note 29: Early write, delayed write, read write or read modify write cycle is applicable Instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

And in any cycle, tRSR&tRHR should be satisfied not to enter TEST MODE. 
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Self Refresh Cycle 



DQi~DQ8 

(INPUTS) 


VlH- 

VlL- 



DQi~DQ 8 
(OUTPUTS) voL- 


_ VtH- 

OE 

ViL- 


tOFF 



A MITSUBISHI 
ELECTRIC 


5-173 




MITSUBISHI LSIS 




M5M4V17800CJ,TP-5r6,-7r5S,-6Sr7S 


TEST Mode SET Cycle 


DQi~DQ8 { 

(INPUTS) VIL-! 


FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


tRPC , tCSR tCHR 


tRCH I tWHR 



DQi~DQ8 
(OUTPUTS) VOL-. 


Note 30: This cycle can be used for initialized cycle after power-up, however entried into Test Mode. 
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MITSUBISHI LSIs 


M5M4V17805CJ,TP-5,-6r7, 

-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 





DESCRIPTION 

This is a family of 2097152-word by 8-bit dynamic RAMs with 
Hyper page mode fuction, fabricated with the high performance 
CMOS process, and is ideal for large-capacity memory systems 
where high speed, low power dissipation, and low costs are 
essential. 

The use of double-layer metal process combined with twin-well 
CMOS techrology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self refresh current is low enough for 
battery back-up application. 


FEATURES 


Type name 

hAS 

access 

time 

(max.ns) 

CR5 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

(typmW) 

M5M4yi7805CXX-5,-5S 


mm 

mm 

WBm 

■ESI 


M5M4V17805CXX-6.-6S 

MM 

mm 

— 

mm 

bh 


M5M4V17805CXX-7,-7S 

mm 


K9I 


■eei 

BSi 


XX-J,TP 


•Standard 28 pin SOJ,28 pin TSOP 
•Single 3.3V±10% supply 

• Low stand-by power dissipation 

1.8mW (Max) .CMOS Input level 

0.72mW (Max)*.CMOS Input level 

•Operating power dissipation 

M5M4V17805CXX-5,-5S . 525mW(Max) 

M5M4V17805CXX-6,-6S . 435mW (Max) 

M5M4V17805CXX-7,-7S .. 380mW(Max) 

•Self refresh capability* 

Self refresh current .. 200 fx A(Max) 

• Hyper page mode (1024-column random access), Read-modify- 
write, TOg-only refresh, before refresh. Hidden refresh 
capabilities. 

Early-write mode, OT and W to control output buffer impedance 
•All inputs, outputs TTL compatible and low capacitance 
•2048 refresh cycles every 32ms (Ao~Aio) 

♦: Applicable to self refresh version(M5M4V17805CJ,TP-5S,-6S, 
-7S :option) only 

APPLICATION 

Main memory unit for computers. Microcomputer memory. Refresh 
memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

Ao~Aio 


DQi~DQ8 






W 

Write control input 

OT 

Output enable input 

Vcc 


Vss 

Ground (OV) 


PIN CONFIGURATION (TOP VIEW) 

Vcc [T 


^ Vss 

DQi d 


IZl DQa 

DQ2 II 


D dQ7 

DQs Q 


m DQa 

DQ4 \± 

m 

^ DQs 

w n 

Ul 

z 


TO5 E 

4k 

< 

USE 

NC H 

s 

13 As 

Aio d 

I 

M As 

Ao [w 

il 

^ A7 

At E 


jD Aa 

Ae Ql 


17] As 

As El 


H] A4 

Vcc El 


lU Vss 

Outline 28P0N-A (400mil SOJ) 

Vcc [T 


S Vss 

DQi d 


Izl DQa 

dq 2 d 


Ml dq7 

DQa d 


M DQa 

DQ4 d 

Z 

M DQs 

w d 

s 

4k 

HI 7^ 

ms E 

< 

•sJk 

Use 

NC d 

i 

E As 

LfU 

O 

< 

§ 

M Aa 

> 

o 

TJ 

M A7 

Ai E 


IE Aa 

A2 El 


17] As 

As El 


1] A4 

Vcc E 


H] Vss 

Outline 28P3N-C (400mil TSOP) 

NC: NO CONNECTION 
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MITSUBISHI LSIs 

M5M4V17805CJJP-5,-6,-7r5Sr6S,-7S 


HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


FUNCTION 

In addition to Hyper Page Mode, normal read, write and read- number of other functions,e.g., T^-only refresh, and delayed- 
modify-write operations the M5M4V17805CJ, TP provides a write. The input conditions for each are shown in Tablet. 




' le ftot a to 


Table 1 Input conditions for each mode 


Operation 

Inputs 

InpuVOutput 

Refresh 

Remark 

RAS 


W 


Row 

address 

Column 

address 

Input 

Output 

Read 

ACT 

ACT 

NAC 

ACT 

APD 

APD 

OPN 

VLD 

YES 

Hyper 

page 

mode 

identical 

Write (Early write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

OPN 

YES 

Write (Delayed write) 

ACT 

ACT 

ACT 

DNC 

APD 

APD 

VLD 

IVD 

YES 

Read-modify-write 

ACT 

ACT 

ACT 

ACT 

APD 

APD 

VLD 

VLD 

YES 

RR5-onlv refresh 

ACT 

NAC 

DNC 

DNC 

APD 

DNC 

DNC 

OPN 

YES 


Hidden refresh 

ACT 

ACT 

NAC 

ACT 

APD 

DNC 

OPN 

VLD 

YES 


Self refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


TJSS before RS5 refresh 

ACT 

ACT 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

YES 


Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

DNC 

DNC 

OPN 

NO 



Note: ACT: active, NAC; nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 


BLOCK DIAGRAM 
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MITSUBISHI LSIS 

M5M4V17805CJ,TP-5,-6,-7,-5S,-6S,-7S 


, J3 filial c!ia*'9® 


HYPER PAGE MODE 16777216-BIT (20971S2-WORD BY 8-BIT) DYNAMIC RAM 


Symbol 


Vcc 



ABSOLUTE MAXIMUM RATINGS 


Parameter 


BfflHIHISr" 

w .w mv m . 


Output current 


Power dissipation 


erating temperature 


Storaoe temperature 



Conditions 


With respect to Vss 




50 

mA 

1000 

mW 

0~70 

•c 

-65~150 

•c 


RECOMMENDED OPERATING CONDITIONS (Ta.0~70r. unless otherwise noted) (Notel) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Norn 

Max 

Vcc 

Supply voltage 


3.3 

3.6 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

VlH 

High-level input voltage, all inputs 

2.0 



V 

ViL 

Low-level input voltage, all inputs 

ESS 


0.8 

V 


Note 1 ; All voltage values are with respect to Vss. 

•* : VlL(inin) is -2.0V when undershoot width is less than 25ns.( Undershoot width is with respect to Vss.) 


ELECTRICAL CHARACTERISTICS (Ta»0~70'C, Vcc= 3.3V±10%, Vss=0V, unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

Min { 

Typ 

Max 

VOH 

High-level output voltage 

loH = -2.0mA 

WEsm 


Vcc 

V 

VOL 

Low-level output voltage 

loL = 2.0mA 

0 


0.4 

V 

loz 

Off-state output voltage 

Q floafing, 0 V^Vout^3.3V 

-10 


10 

aa 

h 

Input current 

OV Si ViN £ 3.6V, Other inputs pins^OV 

-10 


10 

aA 

ICCI(AV) 

Average supply current 
from Vcc 

operating (Note 3,4,5) 

M5M4V17805C-5,-5S 

cycling 
tRC«twc«min. 
output open 



145 

mA 

M5M4V17805C-6,-6S 



120 

M5M4V17805C-7,-7S 



105 

|CC2 

Supply current from Vcc , stand-by (Note 6) 

RSS= CSS =ViH. output open 



2 

mA 

RSS=CS5i^Vcc-0.2V, output open 



0.5 

lCC3(AV) 

Average supply current 
from Vcc,Ras only 
refresh mode (Note 3,5) 


RSS cycling, CSS- Vih 

tnc=min. 

output open 



145 

mA 

M5M4V17805C-6,-6S 



120 

M5M4V17805C-7.-7S 



105 

|CC4(AV) 

Average supply current 
from Vcc, Hyper Page 
Mode (Note 3,4,5) 

M5M4V17805C-5,-5S 

RS5=Vil, CSS cycling 

tHPC=min. 

output open 



140 

g 

M5M4V17805C-6,-6S 



115 

M5M4V17805C-7.-7S 



90 

ICC6(AV) 

_1 

Average supply current 

from Vcc 

before 'RAS refresh 
mode (Note 3,5) 

M5M4V17805C-5,-5S 

CSS before RSS refresh cycling 

tRC=min. 

output open 



145 

mA 

M5M4V17805C-6,-6S 



120 

M5M4V17805C-7,-7S 



105 


Note 2: Current flowing into an 1C is positive, out is negative. 

3: Icci (AV), ICC3 (AV) ,lcc4 (AV) , and Ices (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: Icci (AV) and lcc4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

5: Under condition of column address being changed once or less whilef^^VlL and 77^-VlH. 


CAPACITANCE {Ta=0~70iC , Vcc = 3.3V±10%. Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Cl (A) 

Input capacitance, address inputs 

Vi=»Vss 

Cl (CLK) 

Input capacitance, clock inputs 

f^lMHz 

Ci/o 

Input/Output capacitance, data ports 

Vi=25mVrms 
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MITSUBISHI LSIs 

M5M4V17805CJ,TP-5,-6,-7,-5Sr6Sr7S 


gtric su 1 - - 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


SWITCHING CHARACTERISTICS (Ta-0~70t: , Vcc-3.3V± 10%, Vss-OV, unless otherwise noted, see notes 6,14,15) 


Limits 


M5M4V1780SC-5,-5S 


Min 



Access time from CAS 


Access time from 


Coiumn address access time 


Access time from Cas precharge 


Access time from CF 


Output hold time from 75S5 high 


Output hold time from RAS high 


Output iow impedance time from CAS low 


Output disable time after CF high 


Output disable time after WF high 


Output disable time after CAS high 


Output disable time after SAS high 


Output hold time from CAS low 


Note 7,8 


(Note 7,9) 


(Note 7,10) 


Note 7,11 


(Note 7) 


Note 13 


(Note 13) 


(Note 7) 


(Note 12) 


(Note 12) 


(Note 12,13) 


(Note 12,13) 



Note 6:An initial pause of 500 s is required after power-up foiiowed by a minimum of eight initialization RAS cycles. The initialization cycles should be done 
either by RA5-only refresh cycles or by CA5 before RA5 refresh cycles only. 

Note the may be cycled during the initiai pause . And any 8 RAS or RAS/CAS cycies are required after prolonged periods(greater than 32 ms) of 
RA5 inactivity before proper device operation is achieved. 

After the initialization cycles, RAS should be kept either higher than ViH (min) or iower than ViL (max) except RAS transition time. 

7: Measured with a ioad circuit equivaient to 10OpF. 

The reference levels for measuring of output signals are 2.0V(VOH) and 0.8V(VOL). 

8:Assumes that tnCD ^tncD(max) and tASC iS;tASC(max) and tcp^ tCP(max). 

9; Assumes that tRCD^tRcofmax) and tRAO^tRADfmax). If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCO exceeds the value shown. 

10; Assumes that Irad^ tRAD(max) and tASc2tASC(max). 

11: Assumes that tCP ^tCP(max) and tASCcStASCfmax). 

12:toEZ (max) ,tWEZ(max) ,tOFF(max) and tREZ(max)define8 the time at which the output achieves the high impedance state (IOUT;S I ±10;<A I ) and is 
not reference to VOH(min) or VOL(max). 

13; Output is disabled after both-RAS and CA5 go to high. 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write .Refresh, and Fast-Page Mode Cycles) 

(Ta=0~70*C, Vcc = 3.3V ±10%, Vss=0V, unless otherwise not^, See notes 14,15) 


Limits 

M5M4V17805C-5,-5S I M5M4V17805C-6,-6s| M5M4V17805C-7,-7S Unit 


Symbol 

j 

Parameter 

tREF 

Refresh cycle time 

tRP 

■RAF'high pulse width 

tRCO 

Delay time, RAS low to ^AF low 

(Note16) 

tCRP 

Delay time, FAF high to RAF low 

tRPC 

Delay time, RAS high toFAF low 

tCPN 

CAS high pulse width 

tRAO 

1 Column address delay time from RAF low 

(Note17) 

tASR 

1 Row address setup time before RAF low 

tASC 

1 Column address setup time before FAF low 

(NotelS) 

tRAH 

Row address hold time after RAF low 

tCAH 

Column address hold time after FAF low 

tozc 

Delay time, data to FAF low 

(Note19) 

tozo 

Delay time, data to FF low 

(Not6l9) 

tRDD 

Delay time, RAF high to data 

(Note20) 

tCDD 

Delay time, CAS high to data 

(Not620) 

tODD 

Delay time, FF high to data 

(Note20) 

tr 

Transition time 

(Note21) 



Note 14:The timing requirements are assumed tT =2ns. 

15:VlH(min) and VlL(max) are reference levels for measuring timing of input signais. 

16:tRCD(max) is specified as a reference point oniy. If tRCO is less than tRCD(max), access time is tRAC. If tRCO is greater than tRCO(max), access time 
is controiled exciusively by tCAC or tAA. 

17:tRAD(max) is specified as a reference point oniy. if tRAO ^ tRAD(max) and tASC ^ tASC(max), access time is controlled exclusively by tAA. 

18:tASC(max) is specified as a reference point oniy. If tRCO ^ tRCD(max) and tASC, ^ tASC(max), access time is controiled exclusively by tCAC. 

19: Either tozc or tozo must be satisfied. 

20:Either tRDD or tCDD or tODD must be satisfied. ^ 

21 :tT is measured between VlH(min) and ViL(max). 







































































































































































































MITSUBISHI LSIS 

M5M4V17805CJ,TP-5,-6,-7,-53,-6S,-7S 

HYPER PAGE MODE 16777216>BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 1 

Unit 

M5M4V17805C-5,-5S 

M5M4V17eoSC-6,-6S 1 

M5M4V17805C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

IRC 

Read cycle time 

90 


110 


130 


ns 

tRAS 

low Dulse width 

50 


60 


70 


ns 

tCAS 

C^AS low Dulse width 

8 


10 


13 


ns 

tCSH 

CAS hold time after low 

40 


48 


55 


ns 

tRSH 

hold time after low 

13 


15 


20 


ns 

tRCS 

Read Setup time before HAS' low 

0 


0 


0 


ns 

tRCH 

Read hold time after hiah (Note 22) 

0 


0 


0 


ns 

tRRH 

Read hold time after RA5 high (Note 22) 

0 


0 




ns 

tRAL 

Column address to RAS hold time 

25 


30 


35 


ns 

tCAL 

Column address to ISJiS hold time 

13 


18 


23 


ns 

tORH 

hold time after CE low 

13 


15 


20 


ns 

tOCH 

hold time after OT low 

13 


15 


20 


ns 


Note 22: Either tncH or tRRi^ must be satisfied for a read cycle. 




Hotice- ' 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Lirriits 1 

Unit 

M6M4V17806C-5,-5S 

M5M4V17805C-6,-6S 

M5M4V17805C-7,-7S | 

Min 

Max 

Min 

Max 

Min 

Max 

two 

Write cycle time 

90 


110 


130 

i_ 

ns 

tRAS 

HAS low pulse width 

50 


60 


70 


ns 

tCAS 

^AS low pulse width 

8 


10 


13 

Kr!!!»l»l 

ns 

tCSH 

T5A5 hold time after T?A5 low 

40 


48 


55 


ns 

tRSH 

RA§ hold time after Z5A5 low 

13 


15 


20 


ns 

twcs 

Write setup time before ^CA5 low (Note 24) 

0 


0 


0 


ns 

tWCH 

Write hold time after ?AS low 

8 


10 


13 


ns 

tCWL 

■CAS hold time after W low 

8 


10 


13 


ns 

tRWL 

RAs hold time after W low 

8 


10 


13 


ns 

twp 

Write pulse width 

8 


10 


13 


ns 

tDS 

Data setup time before '5AS low or W low 

0 


0 


0 


ns 

tOH 

Data hold time after ^AS^ low or W low 

8 


10 


13 


ns 


Read-WrIte and Read-Modify-Write Cycles 





Limits 


Symbol 

Parameter 


M5M4V1780SC'5,-5S 

M5M4V17805C-6,-6S 

M5M4V17805C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tnwc 

Read write/read modify write cycle time 

(Note23) 

109 


133 


161 


ns 

tRAS 

low pulse width 

75 


89 

IMAM 

107 


ns 

tCAS 

CAd low pulse width 

38 


44 

llAIiM 

57 


ns 

tCSH 

CAs hold time after ??A5 low 

70 


82 


99 


ns 

tRSH 

RA5 hold time after ^A5 low 

38 


44 


57 


ns 

tRCS 

Read setup time before ^A§ low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low 

(Note24) 

28 


32 


42 


ns 

tRWD 

Delay time, Ras low to W low 

(Note24) 

65 


77 


92 


ns 

tAWD 

Delay time, address to W low 

(Note24) 

40 


47 


57 


ns 

tOEH 

1 CE hold time after W low 

13 


15 


20 


ns 


Note23:tRWC is specified as tRWC(min)=tRAC(max)+tooD(min)+tRWL(min)+tRP(min)+4tT. 

24:tWCS, tCWD.tRWD and tAWO and.tCPWO are specified as reference points only. If twcs^twcs(min) the cycle is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. IftcWD^tcwo(min), tRWD^tRWD (min), tAWD^tAWD(min) and tCPWD ^tCPWD(min) (for 
hyper page mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the selected address. If neither of the 
above condition (delayed write) of the DQ (at access time and until^AS orU? goes back to ViH) is indeterminate. 
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MITSUBISHI LSIs 

M5M4V17805CJ,TP-5,-6,-7,-5S,-6S,-7S 

PAGE MODE 16777216-BIT (2097152-WORD BY S-BIT ) DYNAMIC RAM 


Hyper page Mode Cycle 

(Read, Early Write, Read-WrIte, Read-Modify-Write Cycle, Read Write Mix Cycle, Hl-Z control by ^ or W) (Note 25) 


Symbol 

Parameter 

Limits 

Unit 

M5M4yi7805C-5.-5S 

MSM4V17805C-6.-6S 

M5M4V17805C-7,-7S 

Min 


Min 

Max 

Min 

BALM 

tHPC 

Hyper page mode read/write cycle time (Note26) 

20 


25 


30 


ns 

tHPRWO 

Hyper Page Mode read write / read modify write cycle time 

57 


66 


79 


ns 

tRAS 

TO5 low pulse width for read or write cycle (Note27) 

65 


77 


92 


ns 

tCP 

high pulse width (Note28) 

8 

13 

10 

16 

13 

16 

ns 

tCPRH 

ITOS hold time after 75S5 precharge 



33 


38 


ns 

tCPWD 

Delay time, precharge to W low (Note24) 

43 


50 


60 


ns 

tCHOL 

Hold time to maintain the data Hi-Z until ^7^ access 

7 


7 


7 


ns 

tOEPE 

Qt Pulse Width (Hi-Z control) 

7 


7 


7 


ns 

tWPE 

W Pulse Width (Hi-Z control) 

7 


7 


7 


ns 

tHCWD 

Delay time, low to W low after read 

28 


32 


42 


ns 

tHAWD 

Delay time. Address to W low after read 

40 


47 


57 


ns 

tHPWD 

Delay time, precharge to W low after read 

43 


50 


60 


ns 

tHCOD 

Delay time, low to high after read 

13 


15 


20 


ns 

tHAOD 

Delay time. Address to high after read 

25 


30 


35 


ns 

tHPOD 

Delay time, precharge to ^ high after read 

28 


33 


38 


ns 


Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26: tHPC(min) is specified in the case of read-only and early write-only in Hyper Page Mode. 

27: tRAS(min) is specified as two cycles of (1^ input are performed. 

28: tcp(max) is specified as a reference point only. 


before RTIiS Refresh Cycle (Note 29) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V17805C-5,-5S 

M5M4yi7805C-6,-6S 

M5M4V1780SC-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

CA5 setup time before low 

5 


5 


5 


ns 

tCHR 

UA5 hold time after TfAS low 

10 


10 


15 


ns 

tCAS 

CAS low pulse width 

17 


17 


22 


ns 

tRSR 

Read setup time before RA6 low 

5 


5 


5 


ns 

tRHR 

Read hold time after RAS low 

10 


10 


15 


ns 


Note 29: Eight or more before R7i5 cycles instead of eight RSS cycles are necessary for proper operation of before RSS refresh mode. 


Hidden Refresh Cycle (Note 30) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V17805C-S,-5S 

M5M4V17805C-6,-6S 

M5M4V17805C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRSR 

Read setup time before low 

5 


5 


5 


ns 

tRHR 

Read hold time after Ras low 

10 


10 


15 


ns 


Note 30: Read, early write, delayed write, read write or read-modify-write cycle is applicable to hidden refresh cycle. In all cases tRSR and tRHR should be 
satisfied. 
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MITSUBISHI LSIS 

M5M4V17805CJ,TP-5,-6,-7,-5S,-6S,-7S 

Chang* 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BiT) DYNAMIC RAM 


Some pa””" 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S / -6S / -7S. The other characteristics and requirements than the below 
are same as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta=0~70*C , Vcc«3.3V±10%, Vss=0V, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

■331 

Max 

|CC8(AV) 

Average supply current 
from Vcc 

Slow-Refresh cycle 

(note 6) 

M5M4V17805C(S) 

before 1TS5 refresh cycling 
or cycling & 15R5;S0.2V 

Cr&WE^0.2V 
orOT&WE^ VCC-0.2V 

Ao~Aio^0.2V 
or Ao ~Aio ^Vcc-0.2V 
tREFs128ms (2048 cycles) 
output» OPEN 
tRAS=tRASmln. ~1 ^ s 



500 


ICC9(AV)* 

Average supply current 
from Vcc 

Self - Refresh cycle 

(note 6) 

|yA5M4V17805C (S) 

^0.2V 

output = OPEN 

_ 

■ 

1 

200 

fiA 


TIMING REQUIREMENTS (Ta=0~70t), Vcc=3.3V± 10%, Vss=0V, unless otherwise noted. See notes 14,15) 


Symbol 

Parameter 

Limite 

Unit 

M5M4V17805C-5S 

M5M4V17805C-6S 

M5M4V17805C-7S 

Min 

UI9 

Min 

U19 

Min 

Max 

tRASS 

Self refresh TfXS low pulse width 

100 


100 


100 


fiS 

tRPS 

Self refresh high precharge time 

90 


110 


130 


ns 

tCHS 

Seif refresh hold time 

-50 


-50 


-50 


ns 

tRSR 

Read setup time before HAS low 

10 


10 


10 


ns 

tRHR 

Read hold time after I5A5 low 

10 


10 


15 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last I first full refresh cycles (2K) must be made within t ns / tsN before / after self refresh, on the condition of t ns^ 32 ms and tsN 
^32 ms. 


tNS 

h -^ 


tSN 

h - 


■■“■—“1 III ■■-1111 

Self refresh period 

nil-- 

-I1I1. 

DISTRIBUTED REFRESH 



DISTRIBUTED REFRESH 

<2K/32ms> 



<2K/32ms> 


(2) in case of burst refresh 

The last / first full refresh cycles (2K) must be made within t ns / tSN before / after self refresh, on the condition of t ns + tsN ^ 32 ms. 



BURST REFRESH 
< 2K / 32 ms > 


Self refresh period 


tSN 





BURST REFRESH 
< 2K / 32 ms > 
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MITSUBISHI LSIs 

M5M4V17805CJ,TP-5r6,-7,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


TEST Mode SET Cycle (Notesi) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V1?805C-5,-5S 

M5M4V1?80SC-6,-6S 

M5M4V1?805C-?,-?S 

Min 

Max 

Min 

Max 

Min 

Max 

tWSR 

W setup time before low 

10 


10 


10 


ns 

tWHR 

W hold time after low 

10 


10 


15 


ns 


Note 31 ;The test mode function is initiated by a W and before cycle (WCBR cycle) as specified in timing diagram. 

The test mode function is terminated by either a^^ before refresh cycle (CBR refresh cycle) or aTiTiS only refresh cycle. 

During the test mode, the device is internally organized as 16-bits wide (1M bytes depth). No addressing of CAo is required. 

During a write cycle, data must be applied to all DQ (input) pins. The data can be different between DQ pins. The data on each DQ pin is written 
into S-bits memory cells, respectively. During a read cycle, each DQ ( output) pin shows the test result of the 2-bits, respectively. High state 
indicates that they are same. Low state indicates that they are hot same. 

During the test mode operation, only WCBR cycle can be used to perform refresh. 



DQi O 
DQ 2 O 
DQ 3 O- 
DQ 4 o- 
DQs O' 
DQe O 
DQ? O 
DQs O 


#1 

# 2 ~ 

TT 

#T 

#T 

TT 

#T 

TT 

TT 

#To 

#TT 

#12 

#13 

#iT 

■#75 


#16 


}-- ( JUDGE y 
]— (^ JUDGE y 
}— ( JUDGE y 
]—(^ JUDGE y 
]— ( JUDGE y 
]— { JUDGE y 
JUDGE y 
}—( JUDGE y 


O 

O 

■*—O 
^—O 

O 


DQi 

DQ2 

DQ 3 

DQ 4 

DQs 

DQs 

DQ? 

DQs 
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MITSUBISHI LSIS 

M5M4V17805CJ,TP-5,-6,-7,-5S,-6S,-7S 


Sttm® pai'3'’"® 


HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


Timing Diagrams (Note 32) 
Read Cycle 



DQi~DQ8 

(INPUTS) 


DQi~DQ8 

(OUTPUTS) 





Note 32 


Indicates the don't care input. 
VlH(min)SViN^ViH(max) or VlL(min)^VlNSVlL{max) 




Indicates the invalid output. 
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M5M4V17805CJ,TP-5r6,-7,-5Sr6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


Early Write Cycle 


* • c not a f*"®' 10 chaoqe. 

Notice- lifoiW are sribisct 



DQi~DQ8 Voh- 
(OUTPUTS) VOL- 



5 - 184 


A MITSUBISHI 
ELECTRIC 





p rELI 


MITSUBISHI LSIs 

M5M4V17805CJ,TP-5,-6,-7,-5Sr6S,-7S 


No!s««' itrnits are 

’ HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


Delayed Write Cycle 


ms 


VlH- 

VlL- 


sm 


ViH— 

VlL- 


Ao~Aio 


VlH- 

ViL- 


W 


VlH- 

VlL- 


DQi~DQe ViH- 
(INPUTS) viL- 


DQi~DQ8 Voh- 
(OUTPUTS) voL- 




VlH- 

VlL- 
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M5M4V17805CJ,TP-5,-6,-7,-5S,-6S,-7S 


HYPER PAGE MODE 16777216-BIT (20971S2-WORD BY 8-BIT) DYNAMIC RAM 


Hyper Page Mode Read Cycle 






Ao~Aio 


W 


DQi~DQ8 

(INPUTS) 


DQi~DQ8 

(OUTPUTS) 
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HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 
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HYPER PAGE MODE 16777216-BiT( 2097152-WORD BY 8-BIT) DYNAMIC RAM 
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M5M4V17805CJ,TP-5r6,-7,-58,-6S,-7S 

""""" _ HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (1) 
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HYPER PAGE MODE 16777216-BIT ( 2097152-WORD BY 8-BIT) DYNAMIC RAM 
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M5M4V17805CJ,TP-5,-6,-7,-58,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152>WORD BY 8-BIT) DYNAMIC RAM 


PEXS-only Refresh Cycle 





DQi~DQ8 

(INPUTS) 


DQi~DQ8 

(OUTPUTS) 





VOH-__ H!-Z 

VOL— 
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ROW 

.ADDRESS, 


COLUMN 

ADDRESS 


ROW 

.ADDRESS 


dqi~dq8 
(INPUTS) VlL- 


^tRCS 


tRAL 


tRRHj 













3 


DQi~DQ8 Voh- 
(OUTPUTS) VoL- 


DATA VALID 


Note 33: Early write, delayed write, read write or read modify write, cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

In all cases tRSR and tRHR should be satisfied. 
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pREHM'NARV 


M5M4V17805CJ,TP-5r6r7,-5Sr6Sr7S 




HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 


TEST Mode SET Cycle 


tCSR tCHR 


tRPC tCRP 


^ ROW 
[ ADDRESS 


tRCH tWSR tWHR 


DQi~DQ8 Vih— 
(INPUTS) VIL- 



DQi~DQ8 Voh- 
(OUTPUTS) voL- 




Note 34: This cycle can be used for initialized cycle after power-up, however entried into Test Mode. 
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MITSUBISHI LSIs 

M5M4V16160BTP-6,-7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideal for 
large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
In pins and an increase in system densities. 

FEATURES 


Type name 


CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 


Cycle 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

(^p.mW) 

RAS 
access 
time 
(max. ns) 

OE 

access 

time 

(max.ns) 

M5M4V16160BTP-6,-6S 

60 

15 

30 

15 

110 

285 

M5M4V16160BTP-7,-7S 

70 

20 

35 

20 

130 

255 


• Standard SOpinTSOP 

• Single 3.3V ± 0.3V supply 

• Low stand-by power dissipation 

1.8mW(Max) . CMOS Input level 

• Low operating power dissipation 

M5M4V16160BTP-6,-6S . 345.0mW (Max) 

M5M4V16160BTP-7,-7S. 310.0mW{Max) 

• Fast-p age mode, Read-modify-write,RAS-only refresh, CAS 
before RAS refresh. Hidden refresh capabilities 

• Early-write mode and OE to control output buffer impedance 

• All inputs, output TTL compatible and low capacitance 

• 4096 refresh cycles every 64ms (Ao ~Aii) 


PIN CONFIGURATION (TOP VIEW) 




(3.3V) VccI 
rooii 

DATAINPUTS/J DQ 2 I 
OUTPUTS^ dq3[ 
LdQ4I 
(3.3V) VccI 

roosc 

DATAINPUTS/J DQel 
OUTPUTS! DQ7[ 

LdQsI 

NC[ 


NCE 

WRITE CONTROL 

INPUT ^W E 
ROW ADDRESS 
STROBE INPUT|-"^®| 

A 10 C 

ADDRESS J AoE 
INPUTS! AlC 


A2|] 
I A3l 
(3.3V) Vcc[ 


IVss(OV) 

]DQi6 ! 

IDQis .DATA INPUTS/ 

]DQi4 outputs 

]DQi3 , 

]Vss(0V) 

]DQi2 ! 

]DQ11 .data INPUTS/ 
]DQiO OUTPUTS 
]DC39 J 
]NC 


LOWER BYTE CONTROL 
UNC iColumn address 

UPPER BYTE control 
BDCAS column address 
bSf strobe input 

'^OUTPUTENABLE input 

lAs 

1A7 LADDRESS 
BAs I INPUTS 
3 As 
3A4 j 
3Vss(0V) 


Outline 50P3W-L(400mil TSOP) 

NO: NO CONNECTION 


APPLICATION 

Main memory unit for computers. Microcomputer memory. Refresh 
memory for CRT 
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MITSUBISHI LSIs 

M5M4V16160BTP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION 

The M5M4V16160BTP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions. 


e.g., fast page mode, RAS-only refresh, and deiayed-write. The 
input conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Inputs 

Operation 


Lower byte Read 


Upper byte Read 


Word Read 


Lower Byte Write 


Upper Byte Write 


Word write 



Lower Byte Hidden refresh 


Upper Byte Hidden refresh 


Hidden refresh 


dAS before rAs refresh 


Stand-by 


Note : ACT : active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, ( 


Input/Output 

DQ1~DQ8 

DOe-DQIS 

DOUT 

OPN 

OPN 

DOUT 

DOUT 

DOUT 

DIN 

DNC 

DNC 

DIN 

DIN 

DIN 

OPN 

OPN 

DOUT 

OPN 

OPN 

DOUT 

DOUT 

DOUT 

OPN 

OPN 

OPN 

OPN 
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MITSUBISHI LSIs 

M5M4V16160BTP-6r7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 


Supply voltage 


Input voltage 


Output voltage 


Output current 


Power dissipation 


Operating temperature 


Storage temperature 


Conditions 


With respect to Vss 



RECOMMENDED OPERATING CONDITIONS (Ta=0'^ 70*C, unless otherwise noted) (Noiei) 


Symbol 

Parameter 

Vcc 

Supply voltage 

Vss 

Supply voltage 

Vih 

High-level input voltage, all inputs 

ViL 

Low-level input voltage, all inputs 



Note1 :Ail voltage values are with respect to Vss. 

ELECTRICAL CHARACTERISTICS (Ta=0~ 70^, Vcc=3.3V ±0.3V, Vss=0V, unless otherwise noted) (Note 2) 


Test conditions 


Limits 





High-level output voltage 


Low-level output voltage 


Off-state output current 


Input current 


loHs-2.0mA 


loL=2.0mA 


Q floating, OVS VoutS 3.3V 


0V^in^Vcc+ 0.3V,Other inputs pins=0V -10 



Average supply current M5M4V16160B-6,-6S raS, CAS cycling 

Icci (AV) I from Vcc operating —-tRc=twc=min. 

(Note 3,4,5) M5M4Vi6l60B-7,-7S output Open 


I RAS= CAS =ViH. output open 

Supply current from Vcc, I ^ — 

stand-by (Note 6) M5M4Vi6l60B-6,-7 

MSM4V16160B-6S,-7S 




Average supply current M5M4Vi6i60B-6,-6S ftAS cycling, CAS= Vih 

ICC3 (AV) ffofn Vcc refreshing --tnc=min. 

(Note 3,5) M5M4V16160B-7.-7S output open 



Average supply current 
from Vcc 

Fast-Page-Mode I 

(Note 3,4,5) M6M4V16160B-7.-7S 


M5M4V16160B-6.-6S j^^viL, CSg cycHng 
tpc=min. 
output open 


Average supply current M5M4V16160B-6,-6S 

from Vcc 

CAS before RAS refresh - 

(Note 3) M5M4V16160B-7,-7S 


CAS before PaS refresh cycling 

tnc=min. 

output open 



Note 2: Current flowing Into an 1C is positive, out Is negative. 

3: Icci (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: Icci (AV) and Icc4 (AV) are dependent on output loa ding. S pecified values are o btained with the output open. 

5: Column Address can be changed once or less while RAS=Vil and LCAS/L)CAS=Vih . 


CAPACITANCE (Ta=0~ 70*C, Vcc=3.3V ±0.3V, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

1 Limits 

Unit 

Min 

Typ 

■2^1 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

f=1MHz 

Vi=25mVrms 



5 

PF 

Ci(3E) 

Input capacitance, ^ input 



7 

PF 

Ci^ 

Input capacitance, W input 



7 

pF 

Ci(f^ 

Input capacitance, RAS input 



7 

pF 

Ci(Si^ 

Input capacitance, CAS input 



7 

pF 

Ci/o 

Input/Output capacitance, data ports 



8 

pF 
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MITSUBISHI LSIs 

M5M4V16160BTP-6,-7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


SWITCHING CHARACTERISTICS (Ta»0~70*C,Voc»3.3V±0.3V,V88-iOV, unless othemvlse noted,sea notes 6,13,14) 





Limits 


Symbol 

Parameter 


MSM4V1S160B-6.-6S 

^^M4V16160B-7,-7S 

Unit 




Min 

Max 

Min 

Max 


tCAC 

Access time from CAS 

(Note7,8) 


15 


20 

ns 

tRAC 

Access time from 

(Note7,9) 


60 


70 

ns 

tAA 

Column address access tirhe 

(Note 7,10) 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 7) 


15 


20 

ns 

tCLZ 

Output low Impedance time from CAS low 

(Note 7) 

5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 12) 

0 

15 

0 

15 

ns 

tOEZ 

Output disable time after OE high 

(Note 12) 

0 

15 

0 

15 

ns 


Note 6; An initial pau se of 500 ps is requ ired a fter power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containin g a R AS clo<* such as RAS-Only refresh). __ 

Note the RAS may be cycled during the Initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods 
(greater than 64 ms) of RAS inactivity before proper device operation Is achieved. 

7: Measured with a load circuK equivalent to tOOpF, VOH«2.4V(IOH>-2mA) and VOLx0.4V(IOLB2mA). The reference levels for measuring 
of output signals are 2.0 V(Voh) and 0.8 V(Vol) 

8: Assumes that trrco 2; trrcocmu) and tASC 2 tAScrmu). 

9: Assumes that trtco ^ tncormn) and tiuo^ tnAoctw). If tnco or trMO Is greater than the maximum recommended value shown in this table, 
tRAC will increase by amount that tnco exceeds the value shown. 

10: Assumes that tRAO 2 tnAotmu) and tAsc^ tASC(nw<). 

11: Assumes that tcp £tcp(iran) and tAscSi tASC(n«x). 

12: tOFF(m«) and tosz (mu) defines the time at which the output achieves the high impedance state (lour^ I ± 10 pAl ) and is not reference to 
V0H(mtn)0rV0Mtmx). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 

(Ta«=0 ~70*Q Vcc=3.3V ± 0.3V, Vss=0V, unless otherwise noted, see notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16160B-6,-6S 

M5M4V16160B-7.-7S 

Min 

Max 

Min 

Max 

tREF 

Refresh cycle time 

-6,-7 


64 


64 

ms 

tREF 

Refresh cycle time 

-6S, -7S 


128 


128 

ms 

tRP 

RAS high pulse width 

40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(NotelS) 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


ns 

tRAD 

Column address delay time from RA§ low 

(Note16) 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RaS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Noto17) 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


ns 

tCAH 

Column address hold time after CAS low 

15 


15 


ns 

tozc 

Delay time, data to CAS low 

(Note18) 

0 


0 


ns 

tozo 

Delay time, data to 5E low 

(Note18) 

0 


0 


ns 

tcoo 

Delay time, CAS high to data 

(Note19) 

15 


15 


ns 

tooo 

Delay time, ^ high to data 

(Note19) 

15 


15 


ns 

tr 

Transition time 

(Not^O) 

1 

50 

1 

50 

ns 


Note 13: The timing requirements are assumed tr sSns. 

14: ViHHn) and Viurai) are reference levels for measuring timing of Input signals. 

15: tRCD(m«) is specified as a reference point only. If tnco is less than trrcD(tin«), access time is tnac. If tnco is greater than tncotmax), access 
time is controlled exclusively by tCAC or tAA. tncormin) is specified as tncotmin) stRAH(min) ■t-2tT-ftAsc(min). 

16: tivu)(max) is specified as a reference point only. If tRAO 2; tRAD(nwi) and tAsc^ tASC(n«x). access time is controlled exclusively by tAA. 

1 7: tASC(max) is Specified as a reference point only. If tnco ^ tRCi^max) and tAsc2 tASC(niax), access time is controlled exclusively by tCAc. 

18: Either tozc or tozo must be satisfied. 

19: Either tcoo or tooo must be satisfied. 

20: tr is measured between ViH(min) and ViLcmax). 
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MITSUBISHI LSIs 


M5M4V16160BTP-6,-7,-68,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Read and Refresh Cycles 



tnc I Read cycle time 


Iras has low pulse width 


tCAS CAS low pulse width 


tcsH CAS hold time after RAS low 



tnsH RAS hold time after CAS low 


tRcs Read Setup time before CAS low 


tncH Read hold time after CAS high 


tRRH Read hold time after RAS high 


tRAL ICoiumn address to RAS hold time 


tocH CAS hold time after OE low 


tORH RAS hold time after OE iow 


Note 21: Either tRCH or tRRH must be satisfied for a read cycie. 


Write Cycle (Early Write and Delayed Write) 
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M5M4V16160BTP-6,-7,-6Sr7S 

FAST PAGE MODE 16777216-BiT( 1048576-WbRD BY 16-BIT) DYNAMIC RAM 


Read-Write and Read-Modify-Write Cycies 





Limits 


Symbol 

Parameter 


U5M4V16160B-6.-6S 

M5M4V16160B-7,-7S 

Unit 




Min 

Max 

Min 

Max 



Read write/read modify write cycle time 

(Note22) 

155 


180 


ns 

tRAS 

RAS low pulse width 

105 

10000 

120 

10000 

ns 

tCAS 

CAS low pulse width 

60 

10000 

70 

10000 

ns 

tCSH 

CAS hold time after RAS low 

105 


120 


ns 

tRSH 

RAS hold time after CAS low 

60 


70 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tcvn> 

Delay time, CAS low to W low 

(Note23) 

40 


45 


ns 

tHWO 

Delay time, RAS low to W low 

(Note23) 

85 


95 


ns 

tAWD 

Delay time, address toW low 

(Note23) 

55 


60 


ns 

tCWL 

CaS hold time after W low 

15 


20 


ns 

tRWL 

hAS hold time after W low 

15 


20 


ns 

tWP 

Write pulse width 

10 


10 


ns 

tos 

Data setup time before W low 

0 


0 


ns 


Data hold time after W low 

10 


15 


ns 

tOEH 

OE hold time after W low 

15 


15 


ns 


Note 22: tRWC is specified as tRWC(min)=!tRAC(max)+tODD(min)+tRWL(nnln)+tRP(min)+5tT. 

23: twcs, tcwD.tRWD and Uwd and.tcpwo are specified as reference points only. If twcsS;twcs(min) the cycle is an early write cycle and the 
DQpins will remain high impedance throughout the entire cycle. If tcwo^tcwcHmin), tRwc^tRwo (min), tAWDfi£tAWD(min) and tcpwo ^tcpwD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to Vih ) is indeterminate. 


Fast-Page Mode Cycie (Read, Eariy Write, Read -Write, Read-Modify-Write Cycle) (Note 24) 





Limits 


Symbol 

Parameter 


M5M4V16160B-6,-6S 

M5M4V16160B-7,-7S 

Unit 




Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 

40 


45 


ns 

tPRWC 

Fast page mode read write/read,modify write cycle time 

85 


95 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note25) 

100 

125000 

115 


ns 

tCP 

CAS high pulse width 

(Note26) 

10 

15 

10 

15 

ns 

tCPRH 

RAS hold time after CAS precharge 

35 


40 


ns 

tCPWD 

Delay time, CAS precharge to W low 

(Note23) 

60 


65 


ns 


Note 24: All previously specified timing requi remen ts and switching characteristics are applicable to their respective fast page mode cycle.. 
25: tRAS(ntin) Is specified as two cycles of CAS input are performed. 

26: tcp(mex) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 27) 


Symbol 

Parameter 

1 Limits 

. Unit 

M5M4Vt6160B-6,-6S 

M5M4V16160B-7,-7S 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 


15 


ns 


Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 
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MITSUBISHI LSIs 

M5M4V16160BTP-6,-7,-68,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 


Timing Diagrams ( Note 28 ) 
Read Cycle 




Note 28 



Indicates the don't care input. 

ViH(min.) ^ ViN ^ ViH(max) orViL(min.) ^ ViN ^ VlL(max) 



Indicates the 
invalid output. 



Indicates the skew of the two inputs. 


A MITSUBISHI 
ELECTRIC 


5 - 205 














MITSUBtSHI LSIs 

M5IVI4V16160BTP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper / (Lower) Byte Read Cycle 
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M5M4V16160BTP-6,-7r6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle ( Early write) 




DQ1-DQ16 


OUTPUTS 


Hi-Z 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper/(Lower) Byte Write Cycle (Early write) 
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Write Cycle ( Delayed write ) 
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FAST PAGE MODE 16777216-BIT (1048576>WORD BY 16-BIT) DYNAMIC RAM 


Upper/(Lower) Byte Write Cycle ( Delayed write ) 







DQi-DQs 
(or DQ9-DQ16) 


DQ9-DQ16 
(or DQi-DQe) 

OUTPUTS 













MITSUBISHI LSIs 

M5M4V16160BTP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Read-WrIte, Read-Modify-Write Cycle 


tRWC 
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M5M4V16160BTP-6,-7,-6S,-7S 


FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle 




DQi-DQs 
(or DQ9-DQ16) 


DQ9-DQ16 
(or DQ1-DQ8) 


OUTPUTS 



IHP 
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RAS-only Refresh Cycle 




MITSUBISHI 
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CAS before RAS Refresh Cycle 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper/(Lower) CAS before RAS Refresh Cycle 


tRP 


tRC 


tRC 



DQi-DQs 
(or DQ9-DQ16) 

OUTPUTS 


I INPUTS 

DQ9-DQ16 
(or DQi-DQa) 

I OUTPUTS 



A MITSUBISHI 
ELECTRIC 


5 - 215 



















MITSUBISHI LSIs 

M5M4V16160BTP-6r7,-6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 29) 



Note 29: Early write, delayed write, read write or read modify write cycle Is applicable as well as read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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Upper/(Lower) Hidden Refresh Cycle (Byte Read) (Note 29 ) 
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Fast Page Mode Read Cycle 
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Upper/(Lower) Fast Page Mode Read Cycle 


.I L tRP 
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Fast Page Mode Write Cycle ( Early Write ) 


Ao-Aii 




tCAH 


COLUMN 

ADDRESS -3 




ROW 
ADDRESS 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Upper/(Lower) Byte Write Cycle ( Early Write ) 


RAS 


UC AS 
(or LCAS) 


LCAS 


A0-A11 


(or UCAS) 





(or DQ9-DQ16) 
OUTPUTS 


INPUTS 


Hi-Z 



DQ9-DQ16 
(or DQi-DCte) 


OUTPUTS 


Hi-Z 


OE 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Write Cycle ( Delayed Write ) 


J L tRCD 


05^/LCAg 


tASR J [tRAH ItASC tCAH 


ROW COLUMN 

\DDRESS A£/S ADDRESS-1 


itASC tCAH 


COLUMN 

ADDRESS-2 



ROW 

ADDRESS 


tWCH tRCS 

tCWL \ 


INPUTS 

DQ1-DQ16 

OUTPUTS 


Ids toH tozc 

4 -► 4+ 

tDS^ ^tDH 

L 

dAta 

dAta " 

VALID-1 

VALID-2 
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Fast Page Mode Upper / (Lower) Byte Write ( Delayed Write ) 
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MITSUBISHI LSIS 

M5M4V16160BTP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Read-Write, Read-Modify-Write Cycle 


DCaS/ 


tCSH 


, tRSH j 

r- 


- 




tPRWC 

^ tRCD tCAS ^ 


tCP 

.-J 


tBAD 

tASR tRAH tASC 


tASC tCAH 


f ROW COLUMN 

Jaddress address -1 


COLUMN 

ADDRESS -2 


ROW 

ADDRESS 


INPUTS 

DQ1-DQ16 

OUTPUTS 


tWCH 

tAWD ^ tCWL 


tRCS 

. r 





IDS tOH 

tDZC 


tos 

«— H 

tDH 

DATA 


1 

^ dJ 

kTA ■' 

VALID-1 . 


tCAC 3 

VALID-2 J 


tCLZ 

1 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle 



DQ1-DQ8 
(or DQ9-DQ16) 

I OUTPUTS 


DQ9-DQ16 
(or DQi-DQe) 

I OUTPUTS 
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SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -6S/-7S. The other characteristics and requirements 
than the below are same as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta=o~ 70*c, Vcc=3.3V± 0.3V, Vss=0V, unless otherwise noted) (Note2) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 


Ices 

Supply current from Vcc 
Extended refresh cycle 

M5M4V16160B 

-6S,-7S 

RS5 cycling tSSS "£ 0.2V or 

CTtS before RS5 refresh cycling 

W ^ 0.2V or Si Vcc - 0.2V 
^ 0.2V or ^ Vcc - 0.2V 

Ao~AiiS 0.2V or ^ Vcc - 0.2V 

DQ = open 

tREF = 128ms 

tRAS = tRAS min~1 //S 

1 

1 

400 

aA 

|CC9 (AV) 

Average supply current 
from Vcc 

Self - Refresh cycle 

M5M4V16160B 

-6S,-7S 

^ = ^;S0.2V 

■ 

■ 

200 

aA 


TIMING REQUIREMENTS (Ta=0~ 70'C, Vcc=3.3V ± 0.3V, Vss=0V, unless otherwise noted See notes 13,14) 





Limits 


Symboi 


Parameter 

M5M4V16160B-6S 

M6M4V16160B-7S 

Unit 




Min 

Max 

Min 

Max 


tRASS 

Self Refresh 

RAS low pulse width 

100 


100 



tRPS 

Self Refresh 

RAS high precharge time 

90 


110 


^gjjjjl 

tCHS 

Self Refresh 

RAS hold time 

-50 


-50 


■iH 


SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

The last / first full refresh cycles (4K) must be made within tNs / tsN before / after self refresh , on the condition 
of tNs^ 64 ms and tsN ^ 64 ms. 


tNS 


tSN 



DISTRIBUTED REFRESH 4096 cycles 
<4K/64ms> 


4096 cycles 


DISTRIBUTED REFRESH 
<4K / 64 ms > 


(2) In case of burst refresh 

The last / first full refresh cycles (4K) must be made within tNs / tsN before / after self refresh , on the condition 
of tNs + tsN ^ 64 ms. 





tSN 


BURST REFRESH 4096 cycles 
< 4K / 64ms > 


4096 cycles BURST REFRESH 
< 4K / 64 ms > 
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Self Refresh Cycle 
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Upper/(Lower) Self Refresh Cycle* 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideai for 
iarge-capacity memory systems where high speed, iow power 
dissipation , and iow costs are essentiai. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 

FEATURES 



Cycle 

time 

(mln.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

110 

450 

130 

390 


• Standard SOpinTSOP 

• Single 3.3V ±0.3Vaupply 

• Low stand-by power dissipation 

1.8mW(Max) . CMOS Input level 

• Low operating power dissipation 

M5M4Vl8160BTP-6,-6S . 620.0mW (Max) 

M5M4V18160BTP-7, -7S.. ■ •• ■ ■ 540.0mW ( Max) 

• Fast-p age mode, Read-modify-write,RAS-only refresh, CAS 
before RAS refresh, Hidden refresh capabilities 

• Early-write mode and OE to control output buffer impedance 

• All inputs, output TTL compatible and low capacitance 

• 1024 refresh cycles every 16.4ms (Ao ~A9) 


PIN CONFIGURATION (TOP VIEW) 




(3.3 V) Vcc[ 
I DQiI 

DATAINPUTS/J DQ2[ 
OUTPUTS] DQsI 
LdQ4[ 
(3.3 V) VCCI 
fDQsl 

DATA INPUTS/1 DQel 
OUTPUT^ DQ7l 
DQsE 
NC[ 


NCI 

NCI 

RITE CONTROL INPUT WI 

ROW address/RASI 
STROBE INPUT NQI 

NCI 
f Aol 

ADDRESSJ All 
INPUTS 1 A2[ 


PUTS 1 A2[ 
L A3[ 
(3.3V) VccI 


aVss (OV) 

QDQie'] 

DDQls .DATA INPUTS/ 
aDQl4 OUTPUTS 
aDQia , 
aVss (OV) 

30012 ' 

DDQii .data INPUTS/ 
aOQio OUTPUTS 
DDQq . 

DNC 


LOWER BYTE CONTROL 
J J}!ii_,COLUMN ADDRESS 
i m^AgS TROBE INPirr 
I ncARvUPPER BYTE CONTROL 

1 i^«o\column address 
lOEv STROBE INPUT 

3^® 1 'OUTPUT ENABLE 
jAS INPUT 

iaI I-address I 

32® INPUTS 


lAs 
1A4 J 

iVss (OV) 


Outline 50P3W-L(400mil TSOP) 


NC: NO CONNECTION 


APPLICATION 

Main memory unit for computers. Microcomputer memory, Refresh 
memory for CRT 
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FUNCTION 

The M5M4V18160BTP provide, in addition to normai read, write, 
and read-modify-write operations, a number of otherv functions. 


e.g., fast page mode, RAS-oniy refresh, and deiayed-write. The 
input conditions for each are shown in Tabie 1. 


Table 1 Input conditions for each mode 


Inputs 

Operation 


Lo<mr byta Read 


Upper byte Read 


Word Read 


Lower Byte Write 


Upper Byte Write 


Word write 


Lower Byte Hidden refresh 


Upper Byte Hidden refresh 


Hidden refresh 


CAS before refresh 


stand-by 


Note : ACT; activa, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, 



Input/Output 

DQ1-DQ8 

DQ9--DQ16 

DOUT 

OPN 

OPN 

DOUT 

DOUT 

DOUT 

DIN 

DNC 

DNC 

DIN 

DIN 

DIN 

OPN 

OPN 

DOUT 

OPN 

OPN 

DOUT 

DOUT 

DOUT 

OPN 

OPN 

OPN 

OPN 



APO : applied, OPN : 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 


Vcc I Supply voltage 


Input voltage 


Output voltage 


Output current 


Power dissipation 


Operating temperature 


Storage temperature 



RECOMMENDED OPERATING CONDITIONS (Ta=0^ 70*C, unless otherwise noted) (Notoi) 


Symbol 

Parameter 

Vcc 

Supply voltage 

Vss 

Supply voltage 

Vih 

High-level input voltage, all inputs 

ViL 

Low-level input voltage, all inputs 



Note 1 : All voltage values are with respect to Vss. 



ELECTRICAL CHARACTERISTICS (Ta=0~ 70*C, Vcc=3.3V± 0.3V, Vss=0V, uniess otherwise noted) (Note2) 


Test conditions 


IOH=-2.0mA 


IOL=2.0mA 


Q floating. 0 V^Vout^3.3V 


0ViiSViN;SVcCf0.3V,Other inputs pins^OV 


M5M4Vi8i60B-6,-6S | RAs, CAS cyciing 
tRc=twc=min. 



High-levei output voltage 


Low-level output voltage 


Off-state output current 


Input current 


|CC1 (AV) 

Average supply current 
from Vcc operating 

(Note 3,4,5) 

ICC2 

Supply current from Vcc, 
stand-by (Note 6) 

ICC3(AV) 

Average supply current 
from Vcc refreshing 

(Note 3,5) 

|CC4(AV) 

Average supply current 
from Vcc 

Fast-Page-Mode 

(Note 3,4,5) 

|CC6(AV) 

Average supply current 

from Vcc _ 

CAS before RAS refresh 
mode 

(Note 3) 


RS5- CAS =ViH, output open 


M5M4Viei60B-6,-7 


M5M4V18160B-6S,-7S RAS= CAS SiVcc -0.2V, Output open 


M5M4V18160B-6,-6S 


M5M4V18160B-6,-6S 


M5M4V1B160B-6,-6S 


RAS cycling, CAS= Vih 
tRC=min. 


RaS=Vil, CAS cycling 

tpc=min. 

output open 


CAS before RAS refresh cyciing 

tRC=min. 

output open 


Note 2: Current flowing into an 1C is positive, out is negative. 

3: Icci (AV), ICC3 (AV) and tcc4 (AV) are dependent on cycie rate. Maximum current is measured at the fastest cycle rate. 
4; Icci (AV) and ICC4 (AV) are dependent on output loa ding. S pecified values are o btained with the output open. 

5: Coiumn Address can be changed once or iess white RAS*Vil and LCAS/UCAS»Vih . 



CAPACITANCE {Ta=0~ 70*C, Vcc=3.3V ±0.3V, Vss=0V, uniess otherwise noted) 


Symbol 

Parameter 

Test conditions 

Cl (A) 

Input capacitance, address inputs 


Cl (OE) 

Input capacitance, 5E input 

V|3:VSS 

CiW 

Input capacitance, W input 

f=:=1 MHz 

Cl (RAS) 

Input capacitance, RAS input 

Vi=25mVrms 

Cl (CAS) 

Input capacitance, CAS input 


Ci/o 

Input/Output capacitance, data ports 
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SWITCHING CHARACTERISTICS (Ta =0 ~70*C, Vcca3.3V± 0.3V, Vss=0V, unless otherwise noted, see notes 6,13,14) 





Limits 


Symbol 

Parameter 


MSKMV18160B-6,-6S 

M5M4V181608-7,-73 

Unit 




Min 

Max 

Min 

Max 


tCAC 

Access time from CAS 

(Note7,8) 


15 


20 

ns 

tRAC 

Access time from R^ 

(Note7,9) 


60 


70 

ns 

tAA 

Column address access time 

(Note 7,10) 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 7) 


15 


20 

ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 12) 

0 

15 

0 

15 

ns 

tOEZ 

Output disable time after OE high 

(Note 12) 

0 

15 

0 

15 

ns 


Note 6: An Initial pau se of 500 ps Is req uired a fter power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containin g a R AS clock such as RAS-Only refresh). __ 

Note the RAS may be cy cled d uring the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods 
(greater than 16.4 ms) of RAS inactivity before proper device operation is achieved. 

7: ^asured with a load circuit equivalent to 10OpF, VOH=2.4V(IOH=-2mA) and VOL»0.4V(IOL»2mA). The reference levels for measuring 
of output signals are 2.0 V(Voh) and 0.8 V(Vol) 

8: Assumes that tnco^ tRCD(max) and tAsc^tASCtmax). 

9: Assumes that tnco^ tRCD(max) and tRAoSi tRAO(max). If tRco ortRAD is greater than the maximum recommended value shown in this table, 
tRAC will increase by amount that tnco exceeds the value shown. 

10: Assumes that tRAD ^ tRAD(m«) and tAsc^ tAsc(imx). 

11; Assumes that tcp ^ tcp(max) and tAsc & tAsc(max). 

12: toFFtmax) and toEZ (max) defines the time at which the output achieves the high impedance state ( Iout S I ± 10 pA I) and is not reference to 
VOH(min) or VOL(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 


(Ta=0 ~ 70 *0, Vcc=3.3V ± 0.3V, Vss=0V, unless otherwise noted, see notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V181608-6,-63 

M5M4V181606-7,-78 

Min 

Max 

Min 

Max 

tREF 

Refresh cycle time 

-6,-7 


16.4 


16.4 

ms 

tREF 

Refresh cycle time 

-6S, -7S 


128 


128 

ms 

tRP 

RAS high pulse width 

40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note15) 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note16) 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Notel 7) 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


ns 

tCAH 

Column address hold time after CAS low 

15 


15 


ns 

tozc 

Delay time, data to CAS low 

(Notel 8) 

0 


0 


ns 

tozo 

Delay time, data to OE low 

(Notel 8) 

0 


0 


ns 

tCDD 

Delay time, CAS high to data 

(Notel 9) 

15 


15 


ns 

tODD 

Delay time, OE high to data 

(Notel 9) 

15 


15 


ns 

tr 

Transition time 

(Note20) 

1 

50 

1 

50 

ns 


Note 13: The timing requirements are assumed tr =5ns. 

14: ViH(min) and Viqmax) are reference levels for measuring timing of input signals. 

15: tRCD(max) is Specified as a reference point only. If tRco is loss than tncocmax). access time is tRAC. If tRco is greater than tncD(max), access 
time is controlled exclusively by tcAC or tAA. tRCD(min) is specified as tncD(min) =tRAH(min) +2tT+tASC(min). 

16: tRAD(max) is Specified as a reference point only. If tRAo^ tRAD(max) and tAsoS tAsc(max), access time is controlled exclusively by tAA. 

17: tASC(max) Is Specified as a reference point only. If tRCo^ tRCD(max) and tAScS fASC(max), access time is controlled exclusively by tCAC. 

18: Either tozc or tozo must be satisfied. 

19: Either tCDO or toDo must be satisfied. 

20: tr is measured between ViH(min) ahd ViL(max). 
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MITSUBISHI LSIs 


M5M4V18160BTP-6,-7,-6Sr7S 


FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Read and Refresh Cycles 



Note 21: Either tRCH or tRRH must be satisfied for a read cycle. 


Write Cycle (Early Write and Deiayed Write) 
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M5M4V18160BTP-6,-7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V18160B-6,-6S 

M5M4V18160B-7,-7S 

Min 

Max 

Min 

Max 

tRWC 

Read write/read modify write cycle time (Note22) 

155 


180 


ns 

tRAS 

RAS low pulse width 

105 

10000 

120 

10000 

ns 

tCAS 

CAS low pulse width 

60 

10000 

70 

10000 

ns 

tCSH 

CAS hold time after RAS low 

105 


120 


ns 

tRSH 

RAS hold time after CAS low 

60 


70 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Noto23) 

40 


45 


ns 

tRWD 

Delay time, RAS low to W low (Note23) 

85 


95 


ns 

tAWD 

Delay time, address to W low (Note23) 

55 


60 


ns 

tCWL 

CAS hold time after W low 

15 


20 


ns 

tRWL 

RAS hold time after W low 

15 


20 


ns 

tWP 

Write pulse width 

10 


10 


ns 

tos 

Data setup time before W low 

0 


0 


ns 

tDH 

Data hold time after W low 

10 


15 


ns 

tOEH 

OE hold time after W low 

15 


15 


ns 


Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(mln)-»'tRWL(mjn)+tRP(mln)-f5tr. 

23: twcs, tcwD.tRWD and Iawd and.tcpwo are specified as reference points only. If twcs^twcs(min) the cycle is an early write cycle and the 
DQpins will remain high impedance throughout the entire cycle. If tcwo^tcwD(min), tRwo^tRwo (min), tAWD^tAWD(min) and tcpwo £itcpwD(fnn) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will co ntain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to Vih ) is indeterminate. 


Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycie) (Note 24) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V181608-6,-68 

M5M4V18160B-7,-7S 

Min 

Max 

Min 

Max 

tPC 

Fast page mode read/write cycle time 

40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

85 


95 


ns 

tRAS 

RAS low pulse width for read write cycle (Note25) 

100 

125000 

115 


ns 

tCP 

CAS high pulse width (Note26) 

10 

15 

10 

15 

ns 

tCPRH 

RAS hold time after CAS precharge 

35 


40 


ns 

tCPWD 

Delay time, CAS precharge to W low (Note23) 

60 


65 


ns 


Note 24: All previously specified timing requir emen ts and switching characteristics are applicable to their respective fast page mode cycle. 
25: tRAS(min) Is Specified as two cycles of CAS input are performed. 

26: tcp(max) is specified as a reference point only. 


CAS before RAS Refresh Cycie (Note 2 ?) 




Limits 


Symbol 

Parameter 

M5M4V18160B-6,-6S 

MSM4V18160B-7,-7S 

Unit 



Min 

Max 

Min 

Max 


tCSR 

CAS setup time before RAS low 

10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 


15 


ns . 


Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 
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MITSUBISHI LSIs 

M5M4V18160BTP-6,-7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 


Timing Diagrams (Note 28) 
Read Cycle 



tDZC 



tCDD 



tOFF 


DATA VALID 



tOEZ 


tODD 



Note 28 



Indicates the don't care input. 

ViH(min.) ^ ViN ^ ViH(max) orViL(min.) ^ ViN ^ ViL(max) 


Indicates the 
invalid output. 


Indicates the skew of the two inputs. 
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M5M4V18160BTP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper / (Lower) Byte Read Cycle 
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M5M4V18160BTP-6,-7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle ( Early write) 




DQ 1 -DQ 16 

OUTPUTS 


Hi-Z 



A MITSUBISHI 
ELECTRIC 


5 - 237 







MITSUBISHI LSIs 

M5M4V18160BTP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper/(Lower) Byte Write Cycle ( Early write) 



(or UCAS) 


DQi-DQs 
(or DQ9-DQ16) 

OUTPUTS■ 


.tASR J L tRAH _ ^tASC 


tCAH 




ROW 

s_ ADDRESS 


address 

twcs 


tWCH 



!^888888888888888< 




§88888888888888^ 

1 

8888888888888888888888888888s 



Hi-Z 

tDS 


tOH 

k-- 


DQ9-DQ16 
(or DQi-DQa) 

OUTPUTS■ 


DATA VALID 


ROW 

ADDRESS 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle ( Delayed write ) 
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M5M4V18160BTP-6r7r6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper/(Lower) Byte Write Cycle ( Delayed write ) 



DQi-DQa 
(or DQ9-DQ16) 

OUTPUTS 


DQ 9 -DQ 16 
(or DQi-DQe) 

OUTPUTS 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 
Read-Write, Read-Modify-Write Cycle 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 


Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle 
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, CAS before RAS Refresh Cycle 
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M5M4V18160BTP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper/(Lower) CAS before RAS Refresh Cycle 



tRCH 


w 


INPl 


I INPUTS 
DQi-DQa 
(or OQ9-DQ16) 


OUTPUTS 


INPUTS 

DQg-DQi6 
(orpQi-DQ8) 
OUTPUTS 


OE 
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M5M4V18160BTP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hidden Refresh Cycle (Read) (Note 29) 



Note 29; Early write, delayed write, read write or read modify write cycle is applicable as well as read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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Upper/(Lower) Hidden Refresh Cycle (Byte Read) (Note 29) 
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Fast Page Mode Read Cycle 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper/( Lower) Fast Page Mode Read Cycle 


.1 I. tRP 
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FAST PAGE MODE 16777216>BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Write Cycle ( Early Write ) 



DQi-DQie 
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Fast Page 


UCAS 

(orLC^) 

LCAS 

(orUC^) 

A 0 -A 9 


W 

INPUTS 

DQ1-DQ8 
(or DQ9-DQ16) 

OUTPUTS 

INPUTS 

DQ 9 -DQ 16 
(or DQi-DCte) 

OUTPUTS 

OE 
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M5M4V18160BTP-6,-7,-68,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Mode Upper/(Lower) Byte Write Cycle ( Early Write ) 



Hi-Z 
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M5M4V18160BTP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Write Cycle ( Delayed Write ) 


L tRCD 


uCa 5 /l 5 a§ 


tASR J ItASC tcAH 


ROW COLUMN 

\DDRESS ADDRESS -1 


itASC tCAH 


COLUMN 

ADDRESS -2 



ROW 

ADDRESS 


tWCH L tRCS 


,tDS tDH toZC 


INPUTS 

DQ1-DQ16 

OUTPUTS 
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M5M4V18160BTP-6r7r6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Upper / (Lower) Byte Write ( Delayed Write ) 
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Fast Page 

u5^/ L(5^ 

Ao-Aq 

w 

INPUTS 

DQ1-DQ16 

OUTPUTS 

oi 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle 
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M5M4V18160BTP-6r7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -6S / -7S . The other characteristics and requirements 
than the below are same as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta.o ~ 70*C, Vcc=3.3V± 0.3V, Vss=0V, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

MEM 


Iocs 

Supply current from Vcc 
Extended refresh cycle 

U5M4V18160B 

-6S.-7S 

RSS cycling CS5" S 0.2V or 
before IWS refresh cycling 

W ^ 0.2V or & Vcc - 0.2V 

OT Si 0.2V or a Vcc-0.2V 

Ao~A9Si 0.2V or 2; Vcc - 0.2V 

DQ» open 

tREF = 128ms 

tRAS = tRAS min~1 JH s 

1 

1 

300 

aA 

|CC9 (AV) 

Average supply current 
from Vcc 

Self - Refresh cycle 

M5M4V18160B 

-6S,-7S 

^ ^ 0.2V 

■ 

■ 

200 

aA 


TIMING REQUIREMENTS (Ta=0~ 70*C, Vcc=3.3V ± 0.3V, Vss=0V, unless otherwise noted See notes 13,14) 


Symbol 

' Parameter 

1 Limits 

Unit 

1 M5M4V18160B-6S 

1 M5M4V18160B-7S 

Min 

Max 

Min 

Max 

tRASS 

Self Refresh AaS low pulse width 

100 


100 


B9i 

tRPS 

Self Refresh RAS high precharge time 

90 


110 



tCHS 

Self Refresh RAS hold time 

-50 


-50 


■a 


SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

The last/first full refresh cycles (1K) must be made within tNs/tsN before / after self refresh , on the condition 
of tNs^ 16.4 ms and tsN ^ 16.4 ms. 


tNS 


■F^ 


DISTRIBUTED REFRESH 1024 cycles 
< IK/16.4 ms > 


tSN 


1024 cycles 


DISTRIBUTED REFRESH 
<1K/16.4ms> 


(2) In case of burst refresh 

The last/first full refresh cycles (IK) must be made within tNs/tsN before / after self refresh , on the condition 
of tNS + tsN 16.4 ms. 


I* 





BURST REFRESH 1024(^cl6S 1024 cycles BURST REFRESH 

<1K/16.4m8> < IK/16.4 ms > 
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Self Refresh Cycle 


UCAS /le^ 
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Upper/(Lower) Self Refresh Cycle’" 
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M5M4V16165BTP-6r7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

fmax.ns) 

Address 

access 

time 

(max. ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

M5M4V16165BTP-«,-6S 

60 

15 

30 

15 

110 

285 

M5M4V16165BTP-7,-7S 

70 

20 

35 

20 

130 

255 


•Standard 50 pin TSOP 
•Single 3.3V +0.3V supply 
•Low stand-by power dissipation 

1.8mW (Max) -CMOS Input level 

•Low operating power dissipation 

M5M4V16165BTP-6,-6S-- 345.0mW(Max) 

M5M4V16165BTP-7,-7S.2III.310.0mW(Max) 

• Hype r-page mode , Read-modify-write, RAS-only refresh 
CAS before RAS refresh. Hidden refresh capabilities 
• Early-write mode and OE to control output buffer impedance 
All inputs, output TTL compatible and low capacitance 
•4096 refresh cycles every 64ms (Ao~Aii) 

APPLICATION 

Main memory unit for computers. Microcomputer memory. 

Refresh memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

Ao~Ai 1 

Address inputs 

DQi~DQi6 

Data inputs/outputs 

RAS 

Row address strobe input 

UCAS 

Upper byte control 
column address strobe input 

LCAS 

Lower byte control 
column address strobe input 

W 

V/rite control input 


Output enable input 

Vcc 

Power supply (+3.3V) 

Vss 

Ground (OV) 


PIN CONFIGURATION (TOP VIEW) 

vcc [T 


^ VSS 

DQ1 [7 


491 DQI 6 

dq2 u 


^ DQ15 

DQ3 [T 


7] DQ14 

DQ4 [T 


^ DQ13 

VCC [7 


^ Vss 

DQs [T 


7] DQI 2 

DQ6 [T 


^ DQII 

DQ7 [T 


^ DQIO 

DQs |7 


41 ] DQ9 

NC [T7 

s 

(71 

12 ^ 39 

13 ^ 38 

o> 

14 si 37 

^ NC 

NC [7 

S 

^ NC 

NC [7 

XI 

35] LCAS 

w Of 


13 UCAS 

RAS [7 


33] OE 

All ^ 


32 ] A9 

AlO 


31] As 

AO [7 


^ A7 

At [S 


^ As 

A2 [a 


28] As 

A3 [24 


^ A4 

VCC 


^ vss 

Outline 50P3W-L (400mil TSOP Normal Bend) 

NC: NO CONNECTION 
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M5M4V16165BTP-6r7r6Sr7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION 

The M5M4V16165BTP provide, in addition to normal read, write, hyper page mode, RAS-only refresh, and delayed-write. The input 

and read-modify-write operations, a number of other functions, e.g., conditions for each are shown in Table 1. 


Table 1 input conditions for each mode 


Operation 

Inputs 

Input/Output 1 

KziiJI 

LCAS 

UCAS 

■m 

OE 

DQi~DQ8 

DQ9~DQ16 

Lower byte read 

ACT 

ACT 

NAC 

NAC 

ACT 

DOUT 

OPN 

Upper byte read 

ACT 

NAC 

ACT 

NAC 

ACT 

OPN 

DOUT 

Word read 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

Lower byte write 

ACT 

ACT 

NAC 

ACT 

NAC 

DIN 

DNC 

Upper byte write 

ACT 

NAC 

ACT 

ACT 

NAC 

DNC 

DIN 

Word write 

ACT 

ACT 

ACT 

ACT 

NAC 

DIN 

DIN 

RAS-only refresh 

ACT 

NAC 

NAC 

DNC 

DNC 

OPN 

OPN 

Hidden refresh 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

CAS before RAS refresh 

ACT 

ACT 

ACT 

DNC 

DNC 

OPN 

OPN 

Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

OPN 


Note : ACT : active, NAC; nonactive, DNC : don't care, VLD : vaiid, iVD ; invalid, APD : applied, OPN ; open 


BLOCK DIAGRAM 

ROW ADDRESS 
STROBE INPUT raS 

LOWER BYTE CONTROL _ 

COLUMN ADDRESS LCAS 

STROBE INPUT _ 

UPPER BYTE CONTROL 
COLUMN ADDRESS 
STROBE INPUT 


WRITE CONTROL 
INPUT 


ADDRESS INPUTS < 


W 


f AO 
A1 
A2 
A3 
A4 
AS 
As 
A7 
As 
A9 
AlO 
V^All 
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M5M4V16165BTP-6,-7r6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

Vi/ith respect to Vss 

-0.5~4.6 

V 

Vi 

Input voltage 

-0.5~4.6 

V 

Vo 

Output voltage 

-0.5~4.6 

V 

1 0 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25'’C 

1000 

mW 

Topr 

Operating temperature 


0~70 

*C 

Tatg 

Storage temperature 


-65 ~ 150 

*0 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70'’C, unless otherwise noted) (Note i) 


Symbol 

Parameter 

Limits 

Unit 

Min 

BMW 


Vcc 

Supply voltage 

3.0 

3.3 

3.6 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

VIH 

High-level input voltage, all inputs 

2.0 



V 

VIL 

Low-level input voltage, all inputs 




V 


Note 1; All voltage values are with respect to Vss. 


ELECTRICAL CHARACTERISTICS (Ta=0~70'“C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 


■i9 

BS59I 

VOH 

High-level output voltage 

IOH=-2.0mA 

WEM 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=2.0mA 

0 


0.4 

V 

loz 

Off-state output current 

,Q floating OV^Vout^Vcc 

HI 


10 

atA 

h 

Input current 

0VSVlN^VCC+0.3V, Other inputs pins=0V 

-10 


10 

aA 

|CC1(AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M4V16165B-6,-6S 

RAS, CAS cycling 
tRc=twc=min. 
output open 



95 

mA 

M5M4V16165B-7,-7S 



85 

lCC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 


M5M4V16165B-6,-7 

RAS= CAS ^Vcc -0.2V, output open 



0.5 

M5M4V1616SB-6S,-7S 

RAS= CAS&Vcc -0.2V, output open 



0.15 

ICC3 (AV) 

Average supply current 
from Vcc, refreshing 

(Note 3,5) 

M5M4V16165B-6,-6S 

RAS cycling, CAS=Vih 

tRC=min. 

output open 



95 

mA 

M5M4V16165B-7.-7S 



85 

|CC4(AV) 

Average supply current 
from Vcc 

Hyper-Page-Mode 

(Note 3,4,5) 

M5M4V16165B-6,-6S 

RAS=Vil, CAS cyciing 

tPC=min. 

output open 



130 

mA 

M5M4V16165B-7,-7S 

■ 


110 

|CC6(AV) 

Average supply current 

from Vcc _ 

CAS before RAS refresh 
"^0^® (Note 3) 

M5M4V16165B-6,-6S 

CAS before RAS refresh cycling 

tRc=min. 

output open 



95 

mA 

M5M4V16165B-7,-7S 



85 


Note 2: Current flowing into an 1C is positive, out is negative. 

3: ICC1 (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: Icct (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

5: Column address can be changed once or less while RAS=VIL and LCAS/UCAS=VIH . 
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M5M4V16165BTP-6r7,-6S,-7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=00~70'C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

f=1MHz 

Vi=:25mVrms 



5 

PF 

Cl(OE) 

input capacitance, OE input 



7 

PF 

Ci(W) 

Input capacitance, write control input 



7 

pF 

Cl (RAS) 

Input capacitance, RAS. input 



7 

pF 


Input capacitance, CAS input 



7 

pF 

1 Ci/o 

Input/Output capacitance, data ports 



8 



SWITCHING CHARACTERISTICS (Ta=00~70°C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted, see notes 6,14,15) 





Limits 


Symbol 

Parameter 


M5M4V16165B-6,-6S 

M5M4V16165B-7,-7S 

Unit 



Min 

Max 

Min 

Max 


tCAC 

Access time from CAS 

(Note 7,8) 


15 


20 

ns 

tRAC 


(Note 7,9) 


60 



ns 

tAA 

Columu address access time 

(Note 7,10) 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 7) 


15 


20 

ns 

tOHC 

Output hold time from CAS 

5 


5 


ns 

tOHR 

Output hold time from RAS 

(Note 13) 

5 


5 


ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


ns 

tOEZ 

Output disable time after OE high 

(Note 12) 

0 

15 

0 

20 

ns 

tWEZ 

Output disable time after WE high 

(Note 12) 

0 

15 

0 

20 

ns 

tOFF 

Output disable time after CAS high 

(Note 12,13) 

0 

15 

0 

20 

ns 

tREZ 

Output disable time after RAS high 

(Note 12,13) 

0 

— 

0 

E9 

ns 


Note 6; An initial pause of 500 ps is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 


clock su ch as RAS-Only refresh). __ 

N ote th e RAS may be cycled during the initial pause . And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 64ms) 
of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(lOH=-2mA) / VOL=0.4V(IOL=2mA) load lOOpF. 

The reference levels for measuring of output signal are 2.0V(VOH) and 0.8V(\/OL). 

8: Assumes that tRCD ^ tRCD(max) and tASC S tASC(max). and tCPS tCP(max). 

9: Assumes that tRCD ^ tRCD(max) and tRAD ^tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD ^ tRAD(max) and tASC ^ tASC(max). 

11: Assumes that tCP^ tCP(max) and tASC ^ tASC(niax). 

12: tOEZ(max), tWEZ(max), tOFF(max) and tREZ(max) defines the time at which the output achieves the high impedance state (lOUT^ |±10uA |) 
and is not reference to VOH(min) or VOL(max). 

13: Output is disabled after both RAS and CAS go to high. 
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M5M4V16165BTP-6r7,-6Sr7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 

(Ta=0~70°C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted, see notes 14,15) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16165B-6,-6S 

M5M4V16165B-7,-7S 

Min 


Min 

Max 

tREF 

Refresh cycle time 

-6, -7 


64 


64 

ms 

tREF 

Refresh cycle time 

-6S, -7S 


128 


128 

ms 

tRP 

RAS high pulse width 

40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 16) 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 17) 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 18) 

0 

13 

0 

13 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


ns 

tCAH 

Column address hold time after CAS low 

10 


10 


ns 

tDZC 

Delay time, data to CAS low 

(Note 19) 

0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 19) 

0 


0 


ns 

tRDD 

Delay time, RAS high to data 

(Note 20) 

15 


20 


ns 

tCDD 

Delay time, CAS high to data 

(Note 20) 

15 


20 


ns 

tODD 

Delay time, OE high to data 

(Note 20) 

15 


20 


ns 

tT 

Transition time 

mssssBSi 

1 

im 

1 


ns 


Note 14: The timing requirements are assumed tT =2ns. 

15: VlH(min) and ViL(max) are reterence ieveis for measuring timing of input signais. 

16: tRCD(max) is specified as a reference point oniy. if tRCD is iess than tRCD(max), access time is tRAC. if tRCD is greater than tRCD(max), access time is 
controiied exclusively by tCAC or tAA. 

17: tRAD(max) is specified as a reference point only. If tRAD ^tRAD(max) and tASC ^tASC(max), access time Is controlled exclusively by tAA. 

18: tASC(max) is specified as a reference point only. If tRCD stRCD(max) and tASC stASC(max), access time is controlled exclusively by tCAC 
19: Either tDZC ortDZO must be satisfied. 

20: Either tRDD or tCDD or tODD must be satisfied. 

21: tr is measured between VlH(min) and VlL(max). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16165B-6,-6S 

M5M4V16165B-7,-7S 

Min 


Min 

Max 

tRC 

Read cycle time 

110 


130 


ns 

tRAS 

RAS low pulse width 

60 

■ni»HM 

70 


ns 

tCAS 

CAS low pulse width 

10 


13 


ns 

tCSH 

CAS hold time after RAS low 

48 


55 


ns 

tRSH 


15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tRCH 

1 sKfil Pi 11 ll 1 AMiIcJ 1 1 li 1 1 

0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 22) 

10 


10 


ns 

tRAL 

Column address to RAS hold time 

30 


35 


ns 

tCAL 

Column address to CAS hold time 

18 


23 


ns 

tORH 

RAS hold time after OE low 

15 


20 


ns 

tOCH 

CAS hold time after OE low 

15 


20 


ns 


Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 
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MITSUBISHI LSIs 

M5M4V16165BTP-6r7r6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16165B-6,-eS 

M5M4V16165B-7,-7S 

Min 


Min 


two 

Write cycle time 

110 


w 


ns 

tRAS 

RAS low pulse width 

60 


70 

iri 

ns 

tCAS 

CAS low pulse width 

10 


13 

ITi!i!i!il 

ns 

tCSH 

CAS hold time after RAS low 

48 


55 


ns 

tRSH 

RAS hold time after CAS low 

15 


20 


ns 

twcs 

Write setup time before CAS low (Note 24) 

0 


0 


ns 

tWCH 


10 


13 


ns 

tCWL 


10 


13 


ns 

tRWL 


10 


13 


ns 

tWP 

Write pulse width 

10 


13 


ns 

tDS 

Data setup time before CAS low or Wlow 

0 


0 


ns 

tDH 


10 


13 


ns 


Read-Write and Read-Modify-Write Cycles 





Limits 


Symbol 

Parameter 


M5M4V16165B-6,-6S 

M5M4V1616SB-7,-7S 

Unit 






IHQIQII 



tRWC 

Read write/read modify write cycle time 

(Note 23) 

133 


161 


ns 

tRAS 

RAS low pulse width 

89 


107 


ns 

tCAS 

CAS low pulse width 

44 

BWiWil 

57 


ns 

tCSH 

CAS hold time after RAS low 

82 


99 


ns 

tRSH 


44 


57 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tCWD 

Delay time, CAS low to W low 

(Note 24) 

32 


42 


ns 

tRWD 

Delay time, RAS low to W low 

(Note 24) 

77 


92 


ns 

tAWD 

Delay time, address to W low 

(Note 24) 

47 


57 


ns 

tOEH 

OE hold time after W low 

15 


20 


ns 


Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)44tr. 

24: twcs, tcWD, tRWD and tAWD and, tCPWD are specified as reference points only. If twcs^tWCS(min) the cycle is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tcWDStcWD(min). tRWD^tRWD(min), tAWDStAWD(min) and tCPWDS tCPWD(min) 

(for hyper page mode cycle only), the cycle is a read-modify-write cycle and the DQ will c ontain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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MITSUBISHI LSIs 


M5M4V16165BTP-6,-7r6Sr7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper page Mode Cycle 

(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25 ) 





Limits 


Symbol 

Parameter 


M5M4yi6165B-6,-6S 

M5M4yi6165B-7,-7S 

Unit 




Min 

Max 

Min 

Max 


tHPC 

Hyper page mode read/write cycle time 

25 


30 


ns 

tHPRWC 

Hyper page mode read write/read modify write cycie time 

66 


79 


ns 

tOOH 


5 


5 


ns 

tRAS 

RAS iow pulse width for read write cycle 

(Note 26) 

77 


92 


ns 

tCP 

CAS high pulse width 

(Note 27) 

10 

18 

13 

18 

ns 

tCPRH 

RAS hold time after CAS precharge 

35 


40 


ns 

tCPWD 

Deiay time, CAS precharqe to W low 

(Note 24) 

52 


62 


ns 

tCHOL 

Hold time to maintain the data Hi-Z until CAS access 

7 


7 


ns 

tOEPE 


7 


7 


ns 

tWPE 


7 


7 


ns 

tHCWD 

Delay time, CAS low to W low after read 

32 


42 


ns 

tHAWD 

Delay time, address to W iow after read 

62 


72 


ns 

tHPWD 

Delay time, CAS precharge to W low after read 

72 


82 


ns 

tHCOD 

Delay time, CAS low to Ol high after read 

15 


20 


ns 

tHAOD 

Delay time, address to OE high after read 

30 


35 


ns 

tHPOD 

Delay time, CaS precharge to OE high after read 

35 


40 


ns 


Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26: tRAS(min) is specified as two cycies of CAS input are performed. 

27: tCP(max) is specified as a reference point oniy. 


CAS before RAS Refresh Cycle (Note 28 ) 


Symbol 

Parameter 

Limits 1 

Unit 

|M5M4yi6165B-«,-6S { 

|M5M4V16165B-7,-7S { 

Min 


Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


ns 

tCHR 


10 


15 


ns 


Note 28: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 
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M5M4V16165BTP-6,-7,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 



LCAS/UCAS 


tASR tRAH 

* -► 

^ ROW ' 
ADDRESS 


ItASC I I tCAH 


COLUMN 

ADDRESS 


■ ROW 
ADDRESS 


DQi~DQi6 
(INPUTS) VIL -: 


DQi~DQi6 Voh- 
(OUTPUTS)„„, _■ 


I3z. 

^ tOHR ' 
DATA VALID 


tRDD 



J 

tWEZ 

2 

LJoffj 


tDZO .. , tOEA 


Indicates the don't care input. 
VlH(min)^VINiVlH(!iiax) or VlL(min)^VlN^VlL(max) 

Indicates the invaiid output. 






MITSUBISHI LSIs 


M5M4V16165BTP-6,-7,-6Sr7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Byte Read Cycle 


(or UCAS) ViL 


(or LCAS) 

ViL- 


VIH- 

Ao~Ai 1 

ViL- 


ViH- 

W 

ViL- 

DQi~DQ8 

ViH . 

(or DQg—DQis) 

(INPUTS) 

ViL - 

DQi~DQ8 

VOH 

(or DQ9 ~DQi6) 

(OUTPUTS) 

VOL 

DQ9~DQi6 

ViH- 

(or DQi~DQ8) 

(INPUTS) 

ViL- 

DQ9~DQ16 

VOH- 

(or DQi~DQ8) 
(OUTPUTS) VoL • 


















*I*I*I*A*I*I*SyAOI*I*IvI*?r*I^gS*IOI*I*I*I*I*I*I*^^ 






segtStr^ 




!4K*SnK«l*^ 
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M5M4V16165BTP-6r7r6Sr7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Byte Early Write Cycle 




DQi~DQ8 voh — 
(or DQ9 ~DQi6 ) 
(OUTPUTS) VOL - 


DQ9~DQ16 Vih _ 
(or DQi—DQa) 
(INPUTS) ViL - 



DQ9~DQi6 voh- 
(or DQi~DQ8) 
(OUTPUTS) VoL - 


OE 




A MITSUBISHI 
ELECTRIC 


5 - 269 













MITSUBISHI LSIs 

M5M4V16165BTP-6,-7r6Sr7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 



5 - 270 


A MITSUBISHI 
ELECTRIC 














MITSUBISHI LSIs 


M5M4V16165BTP-6,-7,-6S,-7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Byte Delayed Write Cycle 
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HYPER PAGE MODE 16777216-BIT (1048576>WORD BY 16-BIT) DYNAMIC RAM 





LCAS/UCAS 


IMI 


t ^tCAH 

, ADDRESS. f>D<Xy3 r I I 


1 



tCAL. I |l 

tCAL ^ 

J tASC 

«—» 


3?!l4| 

tASC <—> 

tCAH ^ 


COLUMN-2 ^ 

COLUMN-3 


twcsj ItWCH I I tWCS I tWCH i i tWCS tWCH. 


DQi~DQi 6 
(INPUTS) v,L 





tOS tOH 

< >1 > 


^ DATA ^ 

VALiD-2 , 


' DATA ^ 

^ VALID-3 , 


DQi~DQi6 

(OUTPUTS) VOL 
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Hyper Page Mode Byte Early Write Cycle 


(or UCAS) ViL 
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(or UCAS) 

ViL- 

UCAS ■ 

(or LCAS) 

ViL - 


VlH- 

Ao~Ai 1 

VlL- 


VlH- 

W 

VlL- 

DQi~DQ8 

VlH. 

(or DQ9 ~DQi6) 

(INPUTS) 

ViL ■ 

DQi~DQ8 

VOH 

(or DQ9 ~DQi 6) 
(OUTPUTS) VoL 

DQ9~DQ16 

VIH- 

(or DQi~DQ8) 

(INPUTS) 

ViL ■ 

DQ9~DQ16 

VOH 

(orDQi~DQ8) 

(OUTPUTS) 

VOL 


EvSvw 







»>>igg»>>:-$gggg$Sgmtg g^^ 
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RAS-only Refresh Cycle 



w 




DQi-DQie''®^- 

(OUTPUTS)vou - 
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M5M4V16165BTP-6,-7,-6Sr7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle, Extended Refresh Cycle* 



LCAS/UCAS 

ViL 

< 

1 

VIH 


ViL 

w 

ViH 


ViL 

DQi~DQi6 

ViH 

(INPUTS) 

ViL 

DQi~DQi6 

VOH 

(OUTPUTS) 

VOL 



III 
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Hidden Refresh Cycle (Read) (Note 30) 




Note 30; Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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(INPUTS) ViL 
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(OUTPUTS) VOL 
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M5M4V161 65BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -6S/ -7S. The other characteristics and requirements than the below are same 
as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta=0~70”C, Vcc=3.3V±0.3V, Vss=0V, unless othenwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 


■SB 

■SB 

MMM 

|CC8(AV) 

Average supply current 
from Vcc 

Extended refresh mode 

M5M4V16165B (S) 

RAS cycling CAS^0.2V or 

CAS before RAS refresh cycling 
W^0.2V or ^Vcc-0.2V 

OE^0.2V or ^Vcc-0.2V 

Ao~Ai 1 ^0.2V or ^Vcc-0.2V 
tREF=128ms, output open 
tRAS=tRASt™n~1 MS 

1 

1 

400 

mA 

ICC9(AV) 

Average supply current 
from Vcc 

Self-refresh cycle 

M5M4V16165B (S) 

^=C^^0.2V 

■ 

■ 

200 

mA 


TIMING REQUIREMENTS (Ta=0~70’C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted, see notes 13,14) 




1 Limits 1 


Symbol 

Parameter 

|M5M4V16165B-6S| 

M5M4V16165B-7S{ 

Unit 



1 Min 1 





tRASS 

Self refresh RAS low pulse width 

■ESI 


■ES 


MS 

tRPS 

Self refresh RAS high precharge time 

110 


1 130 1 


ns 

tCHS 

Self refresh RAS hold time 

-50 




ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (4K) must be made within tNS / tsN before / after self refresh, on the condition of tNS^64ms and 
tsN^64ms. 


DISTRIBUTED REFRESH 
< 4K/64ms > 



4096 cycles 




tSN 


1 



4096 cycles 


DISTRIBUTED REFRESH 
< 4K / 64ms > 


(2) In case of burst refresh 

The last / first full refresh cycles (4K) must be made within tNS / tSN efore / after self refresh, on the condition of tNS +tSN^64ms. 


I 


I 




I 


BURST REFRESH 4096 cycles 
< 4K / 64ms > 


4096 cycles 


BURST REFRESH 
<4K/64ms> 
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MITSUBISHI LSIS 


M5M4V18165BTP-6,-7r6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16'BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max. ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

M5M4V1816SBTP-6,-6S 

60 

15 

30 

15 

110 

450 

M5M4V18165BTP-7,-7S 

70 

20 

. 35 

20 

130 

390 


•Standard 50 pin TSOP 
•Single 3.3 V ±0.3v supply 
•Low stand-by power dissipation 

1.8mW (Max) ...---.CMOS Input level 

• Low operating power dissipation 

M5M4V18165BTP-6,-6S-—-.—. 615.0mW (Max) 

M5M4V18165BTP-7,-7S-.. 540.0mW (Max) 

• Hype r-page mode , Read-modify-write, RAS-only refresh 
CAS before RAS refresh. Hidden refresh capabilities 

• Early-write mode and OE to control output buffer impedance 
All inputs, output TTL compatible and low capacitance 

• 1024 refresh cycles every 16.4ms (Ao~A9) 

APPLICATION 

Main memory unit for computers. Microcomputer memory. 

Refresh memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

Ao~A9 

Address inputs 

DQi~DQi6 

Data inputs/outputs 

RA5 

Row address strobe input 

UCAS 

Upper byte control 
column address strobe input 

LCAS 

Lower byte control 
column address strobe input 

W 

Write control input 

OE 

Output enable input 

Vcc 

Power supply (+3.3V) 

Vss 

Ground (OV) 


PIN CONFIGURATION (TOP VIEW) 

vcc [T 


VSS 

DQl [T 


^ DQ 16 

dq2 [7 


^ DQl 5 

DQ3 [T 


7] DQ14 

DQ4 U 


^ DQl 3 

Vcc [7 


4s] Vss 

DQs [T 


3 DQ 12 

dq6 [T 


^ DQ 11 

DQ7 [T 


^ DQ 10 

DQ8 Oo 


ii] DQ9 

NC [ii 

s 

01 

12 E 3^ 

13 ^ 38 

OS 

m ^ 

^ NC 

NC Ijs 


^ NC 

NC [7 

H 

TJ 

35 ] LCAS 

w 01 


34 ] UCAS 

RAS Qi 


33 ] OE 

NC Oi 


^ A9 

NC 


3^ A8 

AO [i7 


^ A7 

Al [22 


^ Ae 

A2 


^ As 

A3 [24 



Vcc [is 


^ Vss 

Outline 50P3W-L (400mil TSOP Normal Bend) 

NC : NO CONNECTION 
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MITSUBISHI LSIs 


M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION _ 

The M5M4V18165BTP provide, in addition to normal read, write, hyper page mode, RAS-only refresh, and delayed-write. The input 

and read-modify-write operations, a number of other functions, e.g., conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 





Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : vaiid, iVD : invalid, APD : appiied, OPN ; open 




















































































































MITSUBISHI LSIs 


M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-0.5~4.6 

V 

Vi 

Input voltage 

-0.5~4.6 

V 

Vo 

Output voltage 

-0.5~4.6 

V 

1 o 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25*C 

1000 

mW 

Topr 

Operating temperature 


0~70 

‘C 

Tstg 

Storage temperature 


-65~150 

*0 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70”C, unless otherwise noted) (Note l) 


Symbol 

Parameter 

Limits 

Unit 

Min 


Max 

Vcc 

Supply voltage 

3.0 

3.3 

3.6 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

VIH 

High-level input voltage, all inputs 

2.0 



V 

VlL 

Low-level input voltage, all inputs 



0.8 

V 


Note 1: All voltage values are with respect to VSS. 


ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 


■S9 


VOH 

High-level output voltage 

IOH=-2.0mA 

mm 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=2.0mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating OV^Vout^Vcc 



10 

uA 

h 

Input current 

0V^VINSVCC+0.3V, Other inputs pins=0V 

-10 


10 

aA 

lCCI(AV) 

Average supply current 
from Vcc, operating 

(Note 3,4,5) 

M5M4V18165B-6,-6S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



170 

mA 

M5M4V18165B-7,-7S 



150 

ICC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 


M5M4V18165B-6,-7 

RAS= CAS^Vcc -0.2V, output open 



0.5 

M5M4V18165B-6S,-7S 

RAS= CASSVcc -0.2V, output open 



0.15 

ICC3(AV) 

Average supply current 
from Vcc, refreshing 

(Note 3,5) 

M5M4V1816SB-6,-6S 

RAS cycling, CAS=Vih 

tRC=min. 

output open 

■I 


170 

mA 

M5M4V18165B-7,-7S 



150 

|CC4(AV) 

Average supply current 
from Vcc 

Hyper-Page-Mode 

(Note 3,4,5) 

M5M4V18165B-6,-6S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



130 

mA 

M5M4V18165B-7,-7S 

Bi 


110 

|CC6(AV) 

Average supply current 

from Vcc _ 

CaS before RAS refresh 
(Note 3) 

M5M4V18165B-6,-6S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



170 

mA 

M5M4V18165B-7,-7S 



150 


Note 2: Current flowing Into an 1C Is positive, out is negative. 

3: loci (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCI (AV) and ICC4 (AV) are dependent on output loa ding. Specifie d values are o btained with the output open. 

5: Column address can be changed once or less while RAS=VlL and LCAS/UCAS=VlH. 
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MITSUBISHI LSIs 

M5M4V18165BTP-6r7,-6Sr7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~70'’C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, address Inputs 

Vi=Vss 

f=1MHz 

Vi=25mVrms 



5 

PF 

Cl(OE) 

Input capacitance, OE input 



7 

PF 

Ci(W) 

Input capacitance, write control input 



7 

pF 

Cl (wS^) 

Input capacitance, RAS input 



7 

pF 

Cl (CAS) 

Input capacitance, CAS input 



7 

pF 

Cl/0 

Input/Output capacitance, data ports 



8 

PP 


SWITCHING CHARACTERISTICS (Ta=0~70’C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted* see notes 6,14,15) 





Limits 


Symbol 

Parameter 


M5M4V18165B-6,-6S 

M5M4V18165B-7,-7S 

Unit 



Min 

Max 

Min 



tCAC 

Access time from CAS 

(Note 7,8) 


15 


20 

ns 

tRAC 

Kw»f»i.'i(iiii=||i liil 11 

(Note 7,9) 


60 


70 

ns 

tAA 

Columu address access time 

(Note 7,10) 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 7) 


15 


20 

ns 

tOHC 

Output hold time from CAS 

5 


5 


ns 

tOHR 

Output hold time from RAS 

(Note 13) 

5 


5 


ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


ns 

tOEZ 

Output disable time after OE high 

(Note 12) 

0 

15 


20 

ns 

tWEZ 

Output disable time after WE high 

(Note 12) 

0 

15 

0 

20 

ns 

tOFF 

Output disable time after CAS high 

(Note 12,13) 

0 

15 

0 

20 

ns 

tREZ 

Output disable time after RAS high 

(Note 12,13) 

0 

15 

HQHI 


ns 


Note 6; An initial pause of 500 ps is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock su ch as RAS-Only refresh). _ 

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 16.4ms) 
of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(IOH=-2mA) / VOL=0.4V(IOL=2mA) load lOOpF. 

The reference levels for measuring of output signal are 2.0V(VOH) and 0.8V(VOL). 

8; Assumes that tRCD ^ tRCD(max) and tASC S tASC(max). and tCP^ tCP(max). 

9: Assumes that tRCD ^ tRCD(max) and tRAD ^tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD ^ tRAD(max) and tASC g tASC(max). 

11: Assumes that tCP^ tCP(niax) and tASC ^ tASC(max). 

12: tOEZ(max), tWEZ(max), tOFF(max) and tREZ(max) defines the time at which the output achieves the high impedance state ( loUTSi |±10uA |) 
and is not reference to VOH(min) or VOL(max). 

13: Output is disabled after both RAS and CAS go to high. 
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MITSUBISHI LSIs 


M5M4V18165BTP-6,-7,-6Sr7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 

(Ta=0~70°C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted, see notes 14,15) 


Symbol 

Parameter 

Limits 

Unit 

MSM4Viai65B-6,-6S 

M5M4V18165B-7,-7S 

Min 


Min 

Max 

tREF 

Refresh cycle time 

-6, -7 


16.4 


16.4 

ms 

tREF 

Refresh cycle time 

-6S, -7S 


128 


128 

ms 

tRP 

RAS high pulse width 

40 


1 ^ 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 16) 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 17) 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 18) 

0 

13 


13 

ns 

tRAH 

Row address hold time after RAS low 

10 


10 


ns 

tCAH 

Column address hold time after CAS low 

10 


10 


ns 

tDZC 

Delay time, data to CAS low 

(Note 19) 

0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 19) 

0 


0 


ns 

tRDD 

Delay time, RAS high to data 

(Note 20) 

15 


20 


ns 

tCDD 

Delay time, CAS high to data 

(Note 20) 

15 


20 


ns 

tODD 

Delay time, OE high to data 

(Note 20) 

15 


20 


ns 

tr 

Transition time 

(Note 21) 

1 

50 

1 

50 

ns 


Not© 14: The timing requirements are assumed tr =2ns. 

15: ViH(min) and ViL(tnax) are reference ievels for measuring timing of input signais. 

16: tRCD(max) is specified as a reference point oniy. if tRCD is iess than tRCD(max), access time is tRAC. if tRCD is greater than tRCD(max), access time is 


controlied exciusiveiy by tCAC or tAA. 

17: tRAD(max) is specified as a reference point oniy. if tRAD ^ tf^AD(max) and tASC ^ tASC(max), access time is controiied exciusiveiy by tAA. 
18: tASC(max) is specified as a reference point only. If tRCD ^ tRCD(max) and tASC ^ tASC(max), access time is controlled exclusively by tCAC 
19: Either tozc or tDZO must be satisfied. 

20: Either tRDD or tCDD or tODD must be satisfied. 

21: tr is measured between VlH(min) and VIL(max). 


Read and Refresh Cycles 





Limits 


Symbol 

Parameter 


MSM4V1816SB-6,-6S 

M5M4V18165B-7,-7S 

Unit 



Min 


Min 

Max 


tRC 

Read cycle time 

110 


130 


ns 

tRAS 

RAS low pulse width 

60 

KfiWtTil 

70 


ns 

tCAS 

CAS low pulse width 

10 

IfATilil 

13 


ns 

tCSH 

CAS hold time after RAS low 

48 


55 


ns 

tRSH 


15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tRCH 

1 ■ 1 R1 j 111 11 f A 

(Note 22) 

0 


0 


ns 

tRRH 

Read hold time after RAS high 

(Note 22) 

10 


10 


ns 

tRAL 

Column address to RAS hold time 

30 


35 


ns 

tCAL 

Column address to CAS hold time 

18 


23 


ns 

tORH 

RAS hold time after OE low 

15 


20 


ns 

toCH 


15 


20 


ns 


Note 22: Either tRCH or tRRH must be satisfied for a road cycle. 
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MITSUBISHI LSIs 

M5M4V18165BTP-6r7,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V18165B-6,-6S 

M5M4V18165B-7,-7S 

Min 


Min 


two 

Write cycle time 

110 

_ 

■ESI 


ns 

tRAS 

RAS low pulse width 

60 

KT»Wi!ai 

70 

mm 

ns 

tCAS 

CAS low pulse width 

10 


13 


ns 

tCSH 

CAS hold time after RAS low 

48 


55 


ns 

tRSH 

RAS hold time after CAS low 

15 


20 


ns 

twcs 

Write setup time before CA$ low (Note 24) 

0 


0 


ns 

tWCH 


10 


13 


ns 

tCWL 

CAS hold time after Wlow 

10 


13 


ns 

tRWL 

RAS hold time after Wlow 

10 


■a 


ns 

tWP 

Write pulse width 

10 


13 


ns 

tDS 

Data setup time before CAS low or Wlow 

0 




ns 

tDH 


10 


13 


ns 


Read-Write and Read-Modify-Write Cycles 





Limits 


Symbol 

Parameter 


M5M4V18165B-6,-6S 

M5M4V18165B-7,-7S 

Unit 




mm 





tRWC 

Read write/read modify write cycle time 

(Note 23) 

133 


161 


ns 

tRAS 

RAS low pulse width 

89 

HiTiTiM 

107 

KTiWtl 

ns 

tCAS 

CAS low pulse width 

44 


57 

ITBiTiM 

ns 

tCSH 

CAS hold time after RAS low 

82 


99 


ns 

tRSH 


44 


57 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


ns 

tCWD 

Delay time, CAS low to W low 

(Note 24) 

32 


42 


ns 

tRWD 

Delay time, RAS low to W low 

(Note 24) 

77 


92 


ns 

tAWD 

Delay time, address to W low 

(Note 24) 

47 


57 


ns 

tOEH 

OE hold time after W low 

■9 


20 


ns 


Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tr. 

24: twcs, tcWD, tRWD and tAWD and, tCPWD are specified as reference points oniy. If twcsstwcsfmin) the cycle is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tCVl/DStCVyD(min), tRVyD^tRWD(min), tAWD^tAWD(min) and tCPWD^ tCPWD(niin) 

(for hyper page mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access tithe and until CAS or OE goes back to VIH) is indeterminate. 
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MITSUBISHI LSIs 


M5M4V18165BTP-6,-7,-6Sr7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper page Mode Cycle 

(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycie, Hi-Z control by OE or W) (Note 25) 


Symbol 

Parameter 

Limits 

Unit 

M5M4yi8165B-6,-6S 

M5M4V18165B-7,-7S 

Min 


Min 

Max 

tHPC 

Hyper page mode read/write cycle time 

25 


30 


ns 

tHPRWC 

Hyper page mode read write/read modify write cycle time 

66 


79 


ns 

tOOH 


5 


5 


ns 

tRAS 

RAS low pulse width for read write cycle (Note 26) 

77 

[EHl 

92 

ll»!»!»!t!»l 

ns 

tCP 

CAS high pulse width (Note 27) 

10 

18 

13 

18 

ns 

tCPRH 

RAS hold time after CAS precharge 

35 


40 


ns 

tCPWD 

Delay time, CAS precharqe to W low (Note 24) 

52 


62 


ns 

tCHOL 

Hold time to maintain the data Hi-Z until CAS access 

7 


7 


ns 

tOEPE 


7 


7 


ns 

tWPE 


7 


7 


ns 

tHCWD 

Delay time, CAS low to W low after read 

32 


42 


ns 

tHAWD 

Delay time, address to W low after read 

62 


72 


ns 

tHPWD 

Delay time, CAS precharge to W low after read 

72 


82 


ns 

tHCOD 

Delay time, CAS low to OE high after read 

15 


20 


ns 

tHAOD 

Delay time, address to OE high after read 

30 


35 


ns 

tHPOD 

Delay time, CAS precharge to OE high after read 

35 


40 


ns 


Note 25; Ail previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycie. 
26: tRAS(min) is specified as two cycles of CAS input are performed. 

27; tCP(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 28 ) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V18165B-6,-«S 

M5M4V18165B-7,-7S 

Min 


Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 


15 


ns 


Note 28; Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 
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MITSUBISHI LSIs 


M5M4V18165BTP-6r7,-6Sr7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Timing Diagrams (Note 29) 
Read Cycle 



LCAS/UCAS 
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MITSUBISHI LSIs 

M5M4V18165BTP-6,-7,-6Sr7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Byte Read Cycle 




(or UCAS ViL 


(or LCAS) 

VtL- 


VlH- 

Ao~A9 

VlL - 

W 

VlH- 


VlL - 

DQi~DQ 8 
(or DQ9 ~DQi6) 

(INPUTS) 

ViL ■ 

DQi~DQ8 

VOH 

(or DQ9 ~DQi6) 

(OUTPUTS) 

VOL 

DQ9~DQ16 

VIH- 

(orDQi~DQ8) 

(INPUTS) 

ViL- 

DQ9~DQ16 

VOH- 

(or DQi~DQ8) 

(OUTPUTS) 

VOL • 




>Ivlv 








CXJLUMN 

ADDRESS 










iV! 




I'mvIVAS 
ikWWWv** 









IIKL, 

wmss 

Tg33l 


i***z*i*z*y 


ge ja SM 
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MITSUBISHI LSIs 


M5M4V18165BTP-6,-7,-6Sr7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 






















MITSUBISHI LSIS 


M5M4V18165BTP-6r7r6S,-7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Byte Early Write Cycle 


(or UCAS) viL 


or LCAS 



COLUMN 




ROW 

ADDRESS 


DQi~DQ 8 
(or DQ9 ~DQi6) 
(INPUTS) ViL 


DQi~DQ8 Voh- 
(or DQ9 ~DQi6) 
(OUTPUTS) VOL ■ 


DQ9~DQi 6 
(or DQi~DQ8) 
(INPUTS) V(L • 





DQ9~DQ16 
(or DQi~DQ8) 
(OUTPUTS) VoL ■ 
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M5M4V18165BTP-6,-7,-68,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Byte Read-Write, Read-Modify-Write Cycle 



(or UCAS) 

ViL ■ 

UCAS ■ 

(or LCAS) 

ViL ■ 


VIH- 

Ao~A9 

ViL ■ 


ViH. 

W 

ViL 

DQi~DQ8 

ViH. 

(or DQ9 ~DQi6) 

(INPUTS) 

ViL 

DQi~DQ8 

VOH 

(or DQ9 ~DQi6) 

(OUTPUTS) 

VOL 

DQ9~DQi6 

ViH 

(or DQi~DQ8) 

(INPUTS) 

ViL 

DQ9~DQi6 

VOH 

(or DQi~DQ8) 
(OUTPUTS) VOL 











HI 


COLUMN 

ADDRESS 




ISII 


wnAnhVVVVi RAhVVVVV' 














rVVVVVVV'VVV'VVVVV'VVU'U'U>i^F\ 



iV* >> I*I*I*I*>I*I*^^ 
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M5M4V18165BTP-6r7r6Sr7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Byte Read Cycle 


(or UCAS) viL 


(or LCAS) viL 


mnlll 


DQi~DQ 8 
(or DQ9 ~DQi 6) 
(INPUTS) ViL 


DQi~DQ 8 
(or DQ9 ~DQi 6) 
(OUTPUTS) VoL 


DQ9~DQi 6 yiH 
(or DQi~DQ8) 
(INPUTS) ViL 


DQ9^DQi6 YoH 
(or DQi~DQ 8) 
(OUTPUTS) VoL 








lAiIRin 






mlmtm 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Early Write Cycle 
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M5M4V18165BTP-6r7r6Sr7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Byte Early Write Cycle 


or UCAS) ViL 


(or LCAS) y,L 
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M5M4V18165BTP-6,-7,-6S,-7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Read-Write, Read-Modify-Write Cycle 



RAS 

VIL 

ViH 

LCAS/UCAS 


ViL 

Ao~A9 

ViH 


ViL 

W 

ViH 


ViL 

DQi~DQi6 

ViH 

(INPUTS) 

ViL 

DQi'^DQie 

VOH 

(OUTPUTS) 

VOL 












:«W*t«ThkV!h 







VVT*T4»V!in 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


RAS-only Refresh Cycle 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Self Refresh Cycle * 




RAS 


LCAS / UCAS 


Ao~A9 


W 



DQi~DQi 6 
(INPUTS) ViL- 


DQi~DQi6 

(OUTPUTS) VOL- 


OE 
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M5M4V18165BTP-6,-7r6Sr7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -6S/ -7S. The other characteristics and requirements than the below are same 
as normal devices. 


ELECTRICAL CHARACTERISTICS (Ta=0~70'C, Vcc=3.3V±0.3V, Vss=0V, unless othenvise noted) (Note2) 


Symbol 

■ Parameter 

Test conditions 

Limits 

Unit 


■ns 


|CC8(AV) 

Average supply current 
fromVcc 

Extended refresh mode 

M5M4V18165B(S) 

RAS cycling CAS^0.2V or 

CAS before RAS refresh cycling 
W^0.2V or ^Vcc-0.2V 
OE^0.2Vor^Vcc-0.2V 

Ao~A 9^0.2V or ^Vcc-0.2V 
tREF=128ms, output open 
tRAS=tRASmin~1 fxS 

1 

1 

300 


|CC9 (AV) 

Average supply current 
from Vcc 

Self-refresh cycle 

M5M4V18165B (S) 

RAS=C^^0.2V 

■ 

■ 

200 

aA 


TIMING REQUIREMENTS (Ta=0~70”C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted, see notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V18165B-6S 

M5M4V18165B-7S 

Min 

■BIB 

Min 

KSBI 

tRASS 

Self refresh RAS low pulse width 

100 


100 


AS 

tRPS 

Self refresh RAS high precharge time 

110 


130 


ns 

tCHS 

Self refresh RAS hold time 





ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (1K) must be made within tNS / tsN before / after self refresh, on the condition of tNS^ 16.4ms and 
tSN^ 16.4ms. 



DISTRIBUTED REFRESH 
< IK / 16.4ms > 


1024 cycles 


tSN 


1024 cycles 


DISTRIBUTED REFRESH 
< IK / 16.4ms > 


( 2 ) 


In case of burst refresh 

The last / first full refresh cycles (1K) must be made within tNS / tsN before / after self refresh, on the condition of tNS +tsN^16.4ms. 



BURST REFRESH 
< IK/ 16.4ms> 


1024 cycles 


1024 cycles 


BURST REFRESH 
< IK/ 16.4ms> 


5-318 
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M5M4V16160eTP-5,-6,-7, 

-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

M5M4V16160CTP-5,-5S 

50 

13 

25 

13 

90 

360 

M5M4V16160CTP-6,-6S 

60 

15 

30 

15 

110 

285 

1W I'i 

70 

20 

35 

20 

130 

255 


•Standard 50 pin TSOP 
•Single 3.3V ±0.3V supply 
•Low stand-by power dissipation 

1.8mW (Max).-..CMOS Input level 

•Low operating power dissipation 

M5M4V16160CTP-5,-5S- 435.0mW (Max) 

M5M4V16160CTP-6,-6S-345.0mW (Max) 

M5M4V16160CTP-7,-7S. 310.0mW (Max) 

•Fast -page mode , Read-modify-write,RAS-only refresh 
CAS before RAS refresh. Hidden refresh capabilities 
•Early-write mode and OE to control output buffer impedance 
All inputs, output TTL compatible and low capacitance 
•4096 refresh cycles every 64ms (Ao ~Aii) 

* : Applicable to self refresh version (M5M4V16160CTP-5S,-6S, 
-7S: option) only 

APPLICATION 

Main memory unit for computers. Microcomputer memory. 

Refresh memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

Ao~Aii 

Address inputs 

DQi~DQi6 

Data inputs / outputs 

RAS 

Row address strobe input 

UCAS 

Upper byte control 
column address strobe input 

LCAS 

Lower byte control 
column address strobe input 

W 

Write control input 

OE 

Output enable input 

Vcc 

Power supply (+3.3V) 

Vss 

Ground (OV) 


PIN CONFIGURATION (TOP VIEW) 

vcc |T 


^ VSS 

DQl [F 


49 ] DQ 16 

DQ2 [T 


4 TI DQiS 

DQ3 [T 


^ DQ14 

dq4 [T 


^ DQl 3 

Vcc [T 


^ Vss 

DQs [7 


^ DQ 12 

DQe [T 


^ DQ 11 

DQ7 [T 


^ DQ 10 

DQe 


ii] dq9 

NC [7 

s 

ai 

12 % 39 

13 38 

a> 

14 :± 37 

0 

_ 

NC [F 

0 

Q 

^ NC 

NC Qs 

H 

TJ 

D LC^ 

w Oi 


34 ] Ocas 

^ 


U OE 

All Qg 


32 ] A9 

AlO [m 


ail As 

AO [iT 


^ A7 

Al 


^ A6 

A2 [il 


^ As 

A3 [24 


^ A4 

vcc [25 


^ VSS 

Outline 50P3G-F (400mil TSOP Normal Bend) 

NC ; NO CONNECTION 
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fllNAP'^ M5M4V16160CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216^BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION 

The MI5M4V16160CTP provide, in addition to normai read, write, 
and read-modify-write operations, a number of other functions, e.g., 


fast page mode,, RAS-only refresh, and delayed-write. The input 
conditions for each are shown in Table 1, 


Table 1 Input conditions for each mode 


Operation 


Lower byte read 


Upper byte read 


Word read 


Lower byte write 


Upper byte write 


Word write 


Hidden refresh 


CAS before RAS refresh 


Stand-by 


Note : ACT: active, NAC : nonactive, DNC ; don't care, VLD : valid, IVD : invalid. 


Inputs 1 

Input/Output 


LCAS 

UCAS 

W 

OE 

DQi~DQ8 

DQ9~DQ16 

ACT 

ACT 

NAC 

NAC 

ACT 

DOUT 

OPN 

ACT 

NAC 

ACT 

NAC 

ACT 

OPN 

DOUT 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

ACT 

ACT 

NAC 

ACT 

NAC 

DIN 

DNC 

ACT 

NAC 

ACT 

ACT 

NAC 

DNC 

DIN 

ACT 

ACT 

ACT 

ACT 

NAC 

DIN 

DIN 

ACT 

NAC 

NAC 

DNC 

DNC 

OPN 

OPN 

ACT 

ACT 

ACT 


ACT 

DOUT 

DOUT 

ACT 

ACT 

ACT 

DNC i 

DNC 

OPN 

OPN 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

OPN 



APD : applied, OPN : open 
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M5M4V16160CTP-5,-6,-7r5Sr6S,-7S 




FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 



Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-0.5~4.6 

V 

Vi 

Input voltage 

-0.5~4.6 

V 

Vo 

Output voltage 

-0.5~4.6 

V 

1 o 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25°C 

1000 

■ mW 

Topr 

Operating temperature 


0~70 

•c 

Tstg 

Storage temperature 


-65~150 

•c 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70"C. unless otherwise noted) (Note 1) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Norn 

Max 

Vcc 

Supply voltage 

3.0 

3.3 

3.6 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

VIH 

High-level input voltage, all inputs 

2.0 



V 

VIL 

Low-level input voltage, all inputs 



0.8 

V 


Note 1 : All voltage values are with respect to VSS. 


ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted) (Note 2 ) 


Symbol 

Parameter 

Test conditions 

Limits I 

Unit 




VOH 

High-level output voltage 

IOH=-2.0mA 

mm 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=2.0mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating OV^Vout ^3.3V 

-10 


10 

aA 

h 

Input current 

OV^ ViN ^ 3.6V, Other inputs pins=0V 

-10 


10 

mA 

ICCI(AV) 

Average supply current 
from Vcc operating 

(Note 3,4,5) 

M5M4V16160C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



120 

mA 

M5M4V16160C-6,-6S 



95 

M5M4V16160C-7,-7S 



85 

ICC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

r7^= ^ ^Vcc -0.2V 
output open 



0.5 



0.15* 

|CC3(AV) 

Average supply current 
from Vcc refreshing 

(Note 3,5) 

M5M4V16160C-5,-5S 

RAS cycling, CAS=Vih 

tRC=min. 

output open 



120 

mA 

M5M4V16160C-6,-6S 



95 

M5M4V16160C-7,-7S 



85 

|CC4(AV) 

Average supply current 
from Vcc 

Fast-page-mode 

(Note 3,4,5) 

M5M4V16160C-5,-5S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



80 

mA 

M5M4V16160C-6,-6S 



70 

M5M4V16160C-7,-7S 



65 

|CC6(AV) 

Average supply current 

from \/cc _ 

CAS before RAS refresh 

(Note 3) 

M5M4V16160C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



120 

mA 

M5M4V16160C-6,-6S 



95 

M5M4V16160C-7,-7S 



85 

|CC8(AV)* 

Average supply current 
from Vcc 

Extended-refresh cycle 

(Note 6) 

M5M4V16160C (S) 

stand-by: 

RASSVCG-0.2V 

CAS^VCC-0.2V or‘^S0,2V 

CAS before RAS refresh; 

RAS cycling CAS^0.2V or 

CAS before RAS refresh cycling 

W^0.2Vor £VCC-0.2V 

OE^0.2V or ^VCC-0.2V 

A0~A11^0.2V or SVCC-0.2V 

DQ=open, tRC=125^s, 
tRAS=tRASmin— 1 /iS 



400 

aA 

lCC9(AV) * 

Average supply current 
from Vcc 

Self-refresh cycle 

M5M4V16160C (S) 

RAS=^^0.2V 

■ 

■ 

200 



Note 2: Current flowing Into an IC is positive, out Is negative. 

3: loci (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current Is measured at the fastest cycle rate. 
4: ICC1 (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

5; Column Address cstn be changed once or less while RAS=VIL and LCAS/UCAS=VlH . 
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M5M4V16160CTP-5r6,-7r5S,-6Sr7S 


i:;;pcteotetr.c.. 


FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~70“C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

f=1MHz 

Vi=25mVrms 



5 

PF 

Cl(OE) 

Input capacitance, OE input 



7 

PF 

Ci(W) 

Input capacitance, write control input 



7 

pF 

Cl(R^) 

Input capacitance, RAS input 



7 

pF 


Input capacitance, CAS input 



7 

pF 

1 Ci/o 

Input/Output capacitance, data ports 



7 

pF 


SWITCHING CHARACTERISTICS (Ta=0~70”C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted, see notes 6,13,14) 





Limits 


Symbol 

Parameter 


M5M4V16160C-5,-5S 

M5M4V16160C-6,-6S 

M5M4V16160C-7,-7S 

Unit 



Min 

Max 

Min 

Max 

Min 



tCAC 

Access time from CAS 

(Note 7,8) 


13 


15 


20 

ns 

tRAC 

Access time from RAS 

(Note 7,9) 


50 


60 


mm 

ns 

tAA 

Columu address access time 

(Note 7,10) 


25 


30 


35 

ns 

tCPA 

Access time from CAS precharqe 

(Note 7,11) 


30 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 7) 


13 


15 


20 

ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 12) 

0 

13 

0 

15 . 

0 

15 

ns 

tOEZ 

Output disable time after OE high 

(Note 12) 

0 

— 

0 

15 

0 

15 

ns 


Note 6: An initial pause of 500 ps is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock such as RAS-Oniy refresh). _ 

Note the RAS may be cycled during the initial pause . And any 8 RaS or RAS/CAS cycles are required after prolonged periods (greater than 64ms) 
of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(lOH=-2mA) / VOL=0.4V(IOL=2mA) load lOOpF. 

The reference levels for measuring of output signal are 2.0V(VOH) and 0.8V(VOL). 

8: Assumes that tRCD ^ tRCD(max) and tASC ^ tASC(max). 

9: Assumes that tRCD ^ tRCD(max) and tRAD ^tRAD(max). If tRCD or tRAD Is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD ^ tRAD(max) and tASC ^ tASC(max). 

11; Assumes that tCP ^ tCP(max) and tASC ^ tASC(max). 

12: tOFF(max) and tOEZ(max) defines the time at which the output achieves the high impedance state (lOUT ^ | +10 jiA |) and is not reference to VoH(min) 
or VOL(max). 
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M5M4V16160CTP-5,-6r7,-5S,-6S,-7S 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Fast-Page Mode Cycles) 

(Ta=0~70°C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted, see notes 13,14) 





Limits 


Symbol 

Parameter 


M5M4V16160C-5,-5S 

M5M4V16160C-6,-6S 

M5M4V16160C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


64 


64 


64 

ms 

tREF* 

Refresh cycle time 


IBM 




128 

ms 

tRP 

RAS high pulse width 

30 


40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 15) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


10 


ns 

tRPC 


0 


0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 16) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 17) 

0 

10 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

13 


15 


15 


ns 

tDZC 

Delay time, data to CAS low 

(Note 18) 

0 


0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 18) 

0 


0 


0 


ns 

tCDD 

Delay time, CAS high to data 

(Note 19) 

13 


15 


15 


ns 

tODD 

Delay time, OE high to data 

(Note 19) 

13 


15 


15 


ns 

tT 

Transition time 

(Note 20) 

1 

50 

1 

50 

1 

IIEMi 

ns 


Note 13: The timing requirements are assumed tr =5ns. 

14; VIH(min) and VIL(max) are reference ievels for measuring timing of input signals. 

15: tRCD(max) is specified as a reference point oniy. If tRCD is iess than tRCOfmax), access time is tRAC. if tRCD is greater than tRCD(max), access time is 
controiied exciusiveiy by tCAC or tAA. tRCD(min) is specified as tRCD(min) =tRAH(min) +2tT+tASC(min). 

16: tRAD(max) is specified as a reference point oniy. if tRAD^ tRAD(max) and tASC ^ tASC(max), access time is controiied exciusiveiy by tAA. 

17: tASC(max) is specified as a reference point oniy. if tRCD^ tRCD(max) and tASC ^ tASC(max), access time is controiied exclusively by tCAC 
18: Either tDZC or tDZO must be satisfied. 

19: Either tCDD or tODD must be satisfied. 

20: tT is measured between VIH(min) and VlL(max). 


Read and Refresh Cycles 





Limits 


Symbol 

Parameter 


M5M4V16160C-5,-5S 

M5M4V16160C-«,-6S 

M5M4V16160C-7,-7S 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tRC 

Read cycle tirhe 

90 


110 


130 


ns 

tRAS 

RAS low pulse width 

50 


60 


70 


ns 

tCAS 

CAS low pulse width 

13 


15 


20 


ns 

tCSH 

CAS hold time after RAS low 

50 


60 


70 


ns 

tRSH 

RAS hold time after CAS low 

13 


15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tRCH 

Read hold time after CAS high 

(Note 21) 

0 


0 


0 


ns 

tRRH 

Read hold time after RAS high 

(Note 21) 

10 


10 


10 


ns 

tRAL 

Column address to RAS hold time 

25 


30 


35 


ns 

tOCH 

CAS hold time after OE low 

13 


15 


20 


ns 

tORH 


13 


15 


20 


ns 


Note 21: Either tRCH or tRRH must be satisfied for a read cycle. 
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M5M4V16160CTP-5,-6,-7,-58,-68,-78 

PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 1 

Unit 

M5M4V16160C-5,-5s| 

M5M4V16160C-6,-6S| 

M5M4V16160C-7,-7s| 

Min 

Max 

Min 

Max 

Min 1 

Max 

two 

Write cycle time 

90 


110 


■EH 


ns 

Iras 

RAS low pulse width 

50 

1T»W»1 

60 


70 

IMiMil 

ns 

tCAS 

CAS low pulse width 

13 


15 


20 

ir»M»M 

ns 

tCSH 


50 


60 


70 


ns 

tRSH 


13 


15 


20 


ns 

twcs 

1 Write setup time before CAS low (Note 23) 

0 




0 


ns 

tWGH 

AU A 1S lU f« 1 J 1 11 (tK 11 ( 

8 


10 


15 


ns 

tCWL 

1 CAS hold time after W low 

13 


15 


20 


ns 

tRWL 


13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


,15 


ns 

tDS 

Data setup time before CAS low or Wlow 

0 


0 




ns 

tDH 

1 ift^ ft 1 j 1 1 iT:ss 11 (ti 

10 


15 


1 15 


ns 

tOEH 


13 


15 




ns 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 1 

Unit 

M5M4V16160C-5,-5s| 

M5M4V16160C-6,-6s| 

M5M4V16160C-7,-7S | 

Min 


Min 

Max 

Min 

Max 

tRWC 

Read write/read modify write cycle time (Note22) 

131 


155 


180 


ns 

tRAS 

RAS low pulse width 

91 

10000 

105 

■tiltlinl 

120 

fftTtfiiftl 

ns 

tCAS 

CAS low pulse width 

54 


60 


70 


ns 

tCSH 


91 


UB 




ns 

tRSH 


54 


60 


70 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 23) 

36 


40 


45 


ns 

tRWD 

Delay time, RAS low to W low (Note 23) 

73 


85 


95 


ns 

tAWD 

Delay time, address to W low (Note 23) 

48 


55 


60 


ns 

tCWL 


13 


15 


20 


ns 

tRWL 


13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


10 


ns 

tDS 

Data setup time before W low 

0 


0 


0 


ns 

tDH 

Data hold time after W low 

10 


10 


15 


ns 

tOEH 


13 


15 


15 


ns 


Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+5tT. 

23: twcs, tcWD, tRWD and tAWD and, tCPWD are specified as reference points oniy. If tWCS^tWCS(min) the cycle is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tCWDStcWDfmin), tRWD^tRWD(min), tAWD^tAWD(min) and tCPWD^ tCPWD(min) 

(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will co ntain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 


Fast-Page Mode Cycle (Read, Early Write, Read-WrIte, Read-Modify-Write Cycle) (Note 24) 





1 Limits 1 


Symbol 

Parameter 


1 M5M4V1$160C-5,-5s| 

1 M5M4V16160C-6,-6s{ 

M5M4V16160C-7,-7s| 

Unit 




Min 

Max 

Min 

Max 

Min 

Max 


tPC 

Fast page mode read/write cycle time 

35 


40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

76 


85 


95 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note 25) 

85 


100 


115 


ns 

tcp 

CAS high pulse width 

(Note 26) 

8 

12 

10 

15 

10 

15 

ns 

tCPRH 

1 RAS hold time after CAS precharge 

30 


35 


40 


ns 

tCPWD 

1 Delay time, CAS precharge to W low 

(Note 23) i 

53 


60 


65 


ns 


Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
25: tRAS(min) is specified as two cycles of CAS input are performed, 

26: tCP(max) is specified as a reference point only. 
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M5M4V16160CTP-5r6r7r5Sr6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle (Note 27 ) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16160C-5,-5S 

M5M41V6160C.6,.6S 

M5M4V16160C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


10 


ns 

tCHR 


10 


10 


15 


ns 


Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 




SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/ -6S/ -7S. The other characteristics and requirements than the below are 
same as normal devices. 


TIMING REQUIREMENTS (Ta=0~70”C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted, see notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16160C-5S 

M5M4V16160O6S 

M5M4V16160C-7S 

Min 

Max 

Min 


Min 


tRASS 

Self refresh RAS low pulse width 

100 


100 


100 


fiS 

tRPS 

Self refresh RAS high precharge time 

90 


110 


130 


ns 

tCHS 

Self refresh RAS hold time 





msim 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (4K) must be made within tNs / tsN before / after self refresh, on the condition of tNS^64ms and 
tsN^64ms. 



DISTRIBUTED REFRESH 
< 4K / 64ms > 


DISTRIBUTED REFRESH 
<4K /S4ms> 


(2) In case of burst refresh 

The last / first full refresh cycles (4K) must be made within tNs / tSN before / after self refresh, on the condition of tNS +tsN^64ms. 



BURST REFRESH BURST REFRESH 

< 4K / 64ms > < 4K / 64ms > 
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M5M4V16160CTP-5,-6,-7,-5S,-6S,-7S 


Notscs- ® g,r,c >Ht«« 

^ FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper / (Lower) Byte Read Cycle 


RAS 


UCAS 
(or LCA§) 


LCa5 

(orUTO) 


Ao~Ai 1 


W 




DQi-DQs 
(or DQ9-DQ16) 



DQ9-OQ16 

t nr nn<.nn<.\ 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper / (Lower) Byte Write Cycle (Early write) 


RAS 


UCAS 

(orCCAS) 


LCAS 

(orUCT^) 


Ao~Aii 




r— ViH- 

INPUTS 

ViL - 

DQi-DQs 
(or DQ9-DQ16) 

VOH- 
OUTPUTS 
- VOL - 



Hi-Z 
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Write Cycle (Delayed write) 
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Upper / (Lower) Hidden Refresh Cycle (Byte Read) (Note 29) 



or LGAS) ViL 


(or UCAS) VIL 


DQt-DQs 
(or DQ9-DQ16) 

VOH- 

OUTPUTS 

VoL • 


DQ9-DQ16 
(or DQi-DQa) 

VOH- 

OUTPUTS 
- VOL • 



Note 29: Early write, delayed write, read write or read modify write cycie is applicable instead of read cycie. 
Timing requirements and output state are the same as that of each cycle shown above. 
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Fast Page Mode Read Cycle 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Upper / (Lower) Fast Page Mode Read Cycle 


tRAS 


tCPRH 


tCSH 


tPC 


tRSH 


RAS 


VlH-‘ 
VIL - 




tCRP 


tRCO 


UCAS_ViH - 

(or LCAS)vil - 


tCAS 


tcp 


tCAS 


tRP 




tRPC 


tCAS 




tCRP 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Write Cycle (Early Write) 



DQ1-DQ16 


VOH- 
OUTPUTS 
— VOL - 


Hi-Z 
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Fast Page Mode Upper / (Lower) Byte Write Cycle (Early Write) 






VlH- 

INPUTS 

VlL- 

DQi-DQs 
(or DQ9-DQ16) 

VOH- 
OUTPUTS 
VOL - 


VlH- 

INPUTS 

VlL- 

DQ9-DQ16 
(or DQi-DQb) 

VOH- 
OUTPUTS 
VOL - 




5 - 342 


A MITSUBISHI 
ELECTRIC 









MITSUBISHI LSIs 




M5M4V16160CTP-5,-6r7r5Sr6Sr7S 




FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Write Cycle (Delayed Write) 



A MITSUBISHI 
ELECTRIC 


5 - 343 







MITSUBISHI LSIs 

M5M4V16160CTP-5,-6,-7r5Sr6S,-7S 
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Fast Page Mode Upper / (Lower) Byte Write Cycle (Delayed Write) 



w 


VlH- 

VlL- 


INP 


VlH- 
INPUTS 

DQ1-DQ8 “ 
(or DQ9-DQ16) 
VOH- 
OUTPUTS 
VOL - 


- VlH- 

INPUTS 

ViL - 

DQ9-DQ16 
(or DQi-DQe) 

VOH- 

OUTPUTS 

_ VOL - 


OE 


VlH- 
VlL - 
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Self Refresh Cycle* 


ucas/lcas 
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, »linai spec^'^^ffr'c^anee. 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 


FEATURES 


Type name 

Ras 

access 

time 

(max.ns) 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

UF 

access 

time 

(max.ns) 

Cycle 
time 
(min. ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

M5M4V18160CTP-5,-5S 

50 

13 

25 

13 

90 


M5M4V18160CTP-6,-6S 

60 

15 

30 

15 

110 

450 

M5M4V18160CTP-7,-7S 

70 

20 

35 

20 

130 

390 


•Standard 50 pin TSOP 
•Single 3.3V ±0.3V supply 
•Low stand-by power dissipation 

1.8mW(Max).-.CMOS Input level 

•Low operating power dissipation 

M5M4V18160CTP-5,-5S.-.650.0mW (Max) 

M5M4V18160CTP-6,-6S -—.. 540.0mW (Max) 

M5M4V18160CTP-7,-7S .- - ~ -. 470.0mW (Max) 

•Fast-page mode , Read-modify-write,RAS-only refresh 
CAS before RAS refresh. Hidden refresh capabilities 
•Early-write mode and C5E to control output buffer impedance 
All inputs, output TTL compatible and low capacitance 
•1024 refresh cycles every 16.4ms (Ao-As) 

♦ : Applicable to self refresh version (M5M4V18160CTP-5S,-6S, 
-7S; option) only 


PIN CONFIGURATION (TOP VIEW) 

vcc |T 


^ vss 

DQl [7 


^ DQ 16 

DQ2 U 


48) DQ15 

dQ3 [7 


It) DQl4 

dQ4 u 


“71 DQ13 

vcc [7 


Til Vss 

DQ5 [7 


3 DQ 12 

DQe [7 


^ DQ 11 

dq7 U 


^ DQ 10 

DQs [7 


TT] DQg 

NC [7 

s 

ai 

12 ^ 39 

13 ^ 38 

00 

14 St 37 

O) 

^ NC 

NC [7 

0 

0 

^ NC 

NC [7 

H 

-0 

m ECaS 

W [7 


34 ] UC^ 

RAS [7 


m OE 

NC [7 


3 ^ A9 

NC [20 


3?) A8 

AO [7 


^ A7 

At [22 


»] A6 

A2 [7 


^ As 

A3 [7 


^ A4 

vcc [is 


^ VSS 

Outline 50P3G-F (400mil TSOP Normal Bend) 

NC: NO CONNECTION 


APPLICATION 

Main memory unit for computers. Microcomputer memory. 
Refresh memory for CRT 


PIN DESCRIPTION 


Pin name 

Function | 

Ao~A9 


DQi~DQi6 

Data inputs/outputs 


Row address strobe input 

UCAS 

Upper byte control 
column address strobe input 

LCAS 

Lower byte control 
column address strobe input 

W 

Write control input 


Output enable input 

Vcc 

Power supply (-I-3.3V) 

Vss 

Ground (OV) 
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" FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION 

The M5M4V18160CTP provide, in addition to normai read, write, 
and read-modify-write operations, a number of other functions, e.g.. 


fast page mode, RAS-only refresh, and deiayed-write. The input 
conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 


Lower byte read 


Upper byte read 


Word read 


Lower byte write 


Upper byte write 


Word write 


Hidden refresh 


CAS before RAS refresh 


Stand-by 


Note: ACT ; active, NAC : nonactive, DNC : don't care, VLD : vaiid, IVD : invalid. 




Inputs 



Input/Output 


LCAS 

UCAS 

W 

OE 

dqi~dQ8 

DQ9~DQ16 

ACT 

ACT 

NAC 

NAC 

ACT 

DOUT 

OPN 

ACT 

NAC 

ACT 

NAC 

ACT 

OPN 

DOUT 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

ACT 

ACT 

NAC 

ACT 

NAC 

DIN 

DNC 

ACT 

NAC 

ACT 

ACT 

NAC 

DNC 

DIN 

ACT 

ACT 

ACT 

ACT 

NAC 

DIN 

DIN 

ACT 

NAC 

NAC 

DNC 

DNC 

OPN 

OPN 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

ACT 

ACT 

ACT 

DNC 

DNC 

OPN 

OPN 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

OPN 



APD: applied, OPN : open 

















































































































MITSUBISHI LSIs 



M5M4V18160CTP-5r6r7,-58,-68,-78 


, a final 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-0.5~4.6 

V 

Vi 

Input voltage 

-0.5~4.6 

V 

Vo 

Output voltage 

-0.5~4.6 

V 

1 o 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25‘C 

1000 

mW 

Topr 

Operating temperature 


0~70 

“C 

Tstg 

Storage temperature 

_1 

-65~150 

“C 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70”C, unless otherwise noted) (Note i) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Norn 

Max 

Vcc 

Supply voltage 

3.0 

3.3 

3.6 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

VIH 

High-level input voltage, all inputs 

2.0 



V 

VIL 

Low-level input voltage, all inputs 

ESI 



V 


Note 1: All voltage values are with respect to VSS. 


ELECTRICAL CHARACTERISTICS (Ta=0~70’C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

HS1S1 



VOH 

High-level output voltage 

IOH=-2.0mA 

mmi 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=2.0mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating 0 V^Vout^3.3V 

-10 


10 

aA 

h 

Input current 

OV^ViN ^3.6V, Other inputs pins=0V 

-10 


10 

aA 

ICCI(AV) 

Average supply current 
from Vcc operating 

(Note 3,4,5) 

M5M4V18160C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



180 

mA 

M5M4V18160C-6,-6S 



150 

M5M4V18160C-7,-7S 



130 

|CC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

RAS=C^SVcc-0.2V 
output open 



0.5 



0.15* 

|CC3(AV) 

Average supply current 
from Vcc refreshing 

(Note 3,5) 

M5M4V18160C-5,-5S 

RAS cycling, CAS=Vih 

tRC=min. 

output open 



180 

mA 

M5M4V18160C-6,-6S 



150 

M5M4V18160C-7,-7S 



130 

|CC4(AV) 

Average supply current 
from Vcc 

Fast-page-mode 

(Note 3,4,5) 

M5M4V18160C-5,-5S 

RAS=Vil, CAS cycling 

tPC=min. 

output open 



80 

mA 

M5M4V18160C-6,-6S 



70 

M5M4V18160C-7,-7S 



65 

|CC6(AV) 

Average supply current 

from Vcc __ 

CAS before RAS refresh 

(Notes) 

M5M4V18160C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



180 

mA 

M5M4V18160C-6,-6S 



150 

M5M4V18160C-7,-7S 



130 

|CC8(AV) * 

Average supply current 
from Vcc 

Extended-refresh cycle 

(Note 6) 

M5M4V18160C (S) 

stand-by: 

^SVcc-0.2V 

CASSVOC-0.2V or CASS0.2V 

CAS before RAS refresh: 

RAS cycling CAS^0.2V or 

CAS before RAS refresh cycling 
'^0.2VorSVCC-0.2V 

OES0.2V or ^VCC^).2V 

Ao~A9 ^0.2V or ^VCC0.2V 

DQ=open, tnc=125/iS, 
tRAS=tRASiTiin.~1 ft S 



300 

aA 

|CC9(AV) * 

Average supply current 
from Vcc 

Self-refresh cycle 

M5M4V18160C(S) 

R^=^^0.2V 

■ 


200 

aA 


Note 2: Current flowing into an 1C is positive, out is negative. 

3: ICC 1 (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: loci (AV) and ICC4 (AV) are dependent on output loa ding. Specified values are obtained with the output open. 

5: Column Address can be changed once or less while RAS=VIL and LCAS/UCAS=VIH . 
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M5M4V181 60CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~70’C, Vcc=:3.3V±0.3V, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

f=1MHz 

Vl=25mVrms 



5 

PF 

Cl(OE) 

Input capacitance, OE input 



7 

PF 

Ci(W) 

Input capacitance, write controi input 



7 

pF 

ClfRi^) 

Input capacitance, RAS input 



7 

pF _ 


Input capacitance, CAS input 



7 

pF 

1 Cl/0 

Input/output capacitance, data ports 



7 



SWITCHING CHARACTERISTICS (Ta=0~70'C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted, see notes 6,13,14) 





Limits 


Symbol 

Parameter 


M5M4V18160C-5,-5S 

M5M4V18160C-6,-6S 

M5M4V18160C-7,-7S 

Unit 



Min 


Min 


Min 



tCAC 

Access time from CAS 

(Note 7,8) 


13 


15 


20 

ns 

tRAC 


(Note 7,9) 


50 


60 



ns 

tAA 

Columu address access time 

(Note 7,10) 


25 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


30 


35 


40 

ns 

tOEA 


(Note 7) 


13 


15 


20 

ns 

tCLZ 

Output iow impedance time from CAS low 

(Note 7) 

5 


5 


5 


ns 

tOFF 

Output disable time after CAS high 

(Note 12) 

0 

13 

0 

■n 

0 

mm 

ns 

tOEZ 

Output disable time after OS' high 

(Note 12) 

0 

13 

miii^ 

ra 

HEIH 

mm 

ns 


Note 6: An Initial pause of 500 ps is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 


clock suc h as RAS-Only refresh). _ 

No te th e RAS may be cycled during the initial pause. And any 8 RaS or RAS/CAS cycles are required after prolonged periods (greater than 16.4ms) 
of RAS inactivity before proper device operation Is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(lOH=-2mA) / VOlj=0.4V(lOL.=2mA) load lOOpF. 

The reference levels for measuring of output signal are 2.0V(VOH) and 0.8V(VOL). 

8 : Assumes that tRCD ^ tRCD(max) and tASC s tASC(max). 

9: Assumes that tRCD ^ tRCD(max) and tRAD ^tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD ^ tRAD(max) and tASC ^ tASC(max). 

11: Assumes that tCP^ tCP(max) and tASC ^tASC(ttiax). 

12: tOFF(max) and tOE2 (max) defines the time at which the output achieves the high impedance state (lOUT +10 jiA |) and is not reference to VOH(min) 
or VOL(max). 
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M5M4V18160CTP-5,-6r7r5S,-6Sr7S 

p Rtl- spef 

" FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Fast-Page Mode Cycles) 

(Ta=0'^70”C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted, see notes 13,14) 





Limits 


Symbol 

Parameter 


M5M4V1S160C-5,-5S 

M5M4V18160C-6,-6S 

M5M4V18160C-7,-7S 

Unit 




Min 


Min 

Max 

Min 

Max 


tREF 

Refresh cycle time 


16.4 


16.4 


16.4 

ms 

tREF* 

Refresh cycle time 


■^1 





ms 

tRP 

RAS high pulse width 

30 


40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 15) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

10 


10 


10 


ns 

tRPC 

Delay time, RAS high to CAS low 

imQiiii 


0 


0 


ns 

tCPN 

CAS high pulse width 

10 


10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 16) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 17) 

0 

10 

0 

10 

0 

10 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CaS low 

13 


15 


15 


ns 

tDZC 

Delay time, data to CAS low 

(Note 18) 

0 


0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 18) 

0 


0 


0 


ns 

tCDD 

Delay time, CAS high to data 

(Note 19) 

13 


15 


15 


ns 

tODD 

Delay time, OE high to data 

(Note 19) 

13 


15 


15 


ns 

fr 

Transition time 

(Note 20) 

1 

50 

1 


1 


ns 


Note 13: The timing requirements are assumed tT =5ns. 

14: ViH(min) and VIL(max) are reference ieveis for measuring timing of input signals. 

15: tRCD(max) is specified as a reference point only. If tRCD Is less than tRCDfmax), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tAA. tRCD(min) is specified as tRCD(min) =tRAH(min) +2tr+tASC(min). 

16: tRAO(max) is specified as a reference point only. If tRAD ^tRAD(max) and tASC ^tASC(max), access time is controlled exclusively by tAA. 

17: tASC(inax) Is specified as a reference point only. If tRCD ^tRCD(tnax) and tASC ^tASC(max), access time Is controlled exclusively by tCAC 
18: Either tDZC or tDZO must be satisfied. 

19: Either tCDD or tODD must be satisfied. 

20: tr is measured between VIH(min) and VlL(max). 


Read and Refresh Cycles 


Symboi 

Parameter 

Limits 

Unit 

M5M4V1816005,-58 

M5M4V18160C-«,-6S 

M5M4V18160O7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

90 


110 


130 


ns 

tRAS 

RAS iow pulse width 

50 


60 

KEfiTiTil 

70 


ns 

tCAS 

CAS iow pulse width 

13 

IBWfil 

15 


20 


ns 

tCSH 

CAS hold time after RAS low 

50 


60 


70 


ns 

tRSH 

R^ hold time after C^ low 

13 


15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tRCH 

Read hold time after CAS high (Note 21) 

0 


0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 21) 

10 


10 


10 


ns 

tRAL 

Column address to RAS hold time 

25 


30 


35 


ns 

tOCH 

CAS hold time after OE low 

13 


15 


20 


ns 

tORH 

RAS hold time after OE low 

13 


15 


20 


ns 


Note 21: Either tRCH or tRRH must be satisfied for a read cycle. 
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M5M4V18160CTP-5,-6r7r5Sr6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 1 

Unit 

M5iyi4V18160C-5,-5S | 

M5M4V18160C-6,-6S | 

M5M4V18160C-7,-7S| 

Min 

Max 

Min 

Max 

Min 1 

12^9 

two 

Write cycle time 

90 


110 


mm 


ns 

tRAS 

RAS low pulse width 

50 


60 


70 


ns 

tCAS 

CAS low pulse width 

13 


15 


20 


ns 

tCSH 

CAS hold time after RAS low 

50 


60 


70 


ns 

tRSH 


13 


15 


20 


ns 

twcs 

1 Write setup time before CAS low (Note 23) 

0 


0 


0 


ns 

tWCH 

H J A1S lU Ml 11 iicvs 11 u) 

8 


10 


15 


ns 

tCWL 


13 


15 


20 


ns 

tRWL 


13 


mm 



1 

ns 

tWP 

Write pulse width 

8 


10 


15 


ns 

tDS 

Data setup time before CaS low or Wlow 

0 


0 


0 


ns 

tDH 


10 


15 


15 


ns 

tOEH 


13 


15 


— 


ns 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 1 

Unit 

M5M4V18160C-5,'5S | 

M5M4V18160C-6,-6s| 

M5M4V18160C-7,-7S | 

Min 



Max 

Min 


tRWC 

Read write/read modify write cycle time (Note 22) 

131 


i 155 I 


180 


ns 

tRAS 

RAS low pulse width 

91 



KTI 

120 


ns 

tCAS 

CAS low pulse width 

54 

IbMiM 


lESB 

70 


ns 

tCSH 


91 


■EB 


120 


ns 

tRSH 


54 


60 


70 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low (Note 23) 

36 


40 


45 


ns 

tRWD 

Delay time, RAS low to W low (Note 23) 

73 


85 


95 


ns 

tAWD 

Delay time, address to W low (Note 23) 

48 


55 


60 


ns 

tCWL 


13 


15 


20 


ns 

tRWL 


13 


15 


20 


ns 

tWP 

Write pulse width 

8 


10 


10 


ns 

tDS 

Data setup time before W low 

0 


0 


0 


ns 

tDH 

Data hold time after W low 

10 


10 


15 


ns 

tOEH 


13 


15 


15 


ns 


Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+5tT. 

23; twcs, tcwo, tRWD and tAWD and, tCPWD are specified as reference points oniy. if twcs^twcs(min) the cycie is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tcWD^tCWDfmin), tRWD^tRWD(tnin), tAWD^tAWD(min) and tCPWD^ tCPWD(min) 

(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ w ill con tain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 



> final 

Notice-. I ’Irio um'rts i 


Fast-Page Mode Cycie (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 





1 Limits I 


Symbol 

Parameter 


|m5M4V18160C-5,-Ss| 

1 M5M4V18160C-6,-6s| 

1 M5M4V18160C-7,-7s| 

Unit 




Min 

Max 

Min 

Max 

Min 

UM9 


tPC 

Fast page mode read/write cycle time 

35 


40 


45 


ns 

tPRWC 

Fast page mode read write/read modify write cycle time 

76 


85 


95 


ns 

tRAS 

RAS low pulse width for read write cycle 

(Note 25) 

85 

IB3 

100 


115 

■Kwimn 

ns 

tCP 

CAS high pulse width 

(Note 26) 

8 

12 

10 

15 

10 

15 

ns 

tCPRH 

1 RAS hold time after CAS precharge 

30 


35 


40 


ns 

tCPWD 

Delay time, CAS precharge to W low 

(Note 23) 1 

53 


60 


65 


ns 


Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
25: tRAS(min) is specified as two cycles of CAS input are performed. 

26: tCP(max) is specified as a reference point only. 
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M5M4V18160CTP-5r6r7r5S,-6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle (Note zr) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V18160C-5,-5S 

M5M4V18160C-6,-6S 

M5M4V18160C-7,-7S 

Min 

Max 

Min 

12^1 

Min 

Max 

tCSR 

CAS setup time before RAS low 

10 


10 


10 


ns 

tCHR 

CAS hold time after RAS low 

10 


10 


15 


ns 


Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 



SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by “S’ after speed item, like -5S/ -6S/ -7S. The other characteristics and requirements than the below are 
same as normal devices. 


TIMING REQUIREMEN (Ta=0~70‘C, Vcc=3.3V±0.3V, Vss=0V, unless othenwise noted, see notes 13,14) 


Symbol 

Parameter 

1 Limits 1 

Unit 

|M5M4V18160C-5S| 

|M5M4V18160C-6S{ 

|M5M4V18160C-7S| 

Min 

Max 

MW 


Min 


tRASS 

Self refresh RAS low pulse width 

100 


■ESI 


100 


flS 

tRPS 

Self refresh RAS high precharge time 

90 


1 110 1 


130 


ns 

tCHS 

Seif refresh RAS hold time 

BEMI 




■S3I 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (IK) must be made within tNS / tsN before / after self refresh, on the condition of tNS^16.4ms and 
tSN^I 6.4ms. 



DISTRIBUTED REFRESH DISTRIBUTED REFRESH 

< IK/16.4ms> < IK/16.4ms> 


(2) In case of burst refresh 

The last / first full refresh cycles (IK) must be made within tNS / tSN before/after self refresh, on the condition of tNS +tsN^1 6.4ms. 



BURST REFRESH BURST REFRESH 

<1K/16.4ms> <1K/16.4ms> 
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Upper / (Lower) Byte Write Cycle (Early write) 




DQ9-DQ16 
(or DQi-DQa) 


VOH- 
OUTPUTS 
_ VOL - 


Hi-Z 
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(or LCAS) ViL 


(or UCAS) VIL - 


tASR 


tRAH 


tASC 

4 —* 


,-toAH-, 





--1-3 

ROW 

ADDRESS 
c _ 2 



'column 

ADDRESS 


1 




utRCS^ 


tRAL 


tRRH . 


ROW 

ADDRESS 


DQi-DQs 
(or DQ9-DQ16) 

VOH- 

OUTPUTS 

VoL ■ 


DQ9-DQ16 
(or DQi-DQs) 

VOH. 

OUTPUTS 

_ VOL- 


DATA VALID 


Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Write Cycle (Early Write) 


tRAS 


tCSH 


tPC 


RAS 


VIH -■ 
VIL - 


tCRP 


■ 


mil 

■ 


HH 


tRP 


tRSH 7 V 

^^ tRPC , \- 

t* - - '-H tCRP 


tCAS 


tCAS . 



DQ1-DQ16 


VOH- 
OUTPUTS • 
- VOL - 


Hi-Z 


OE 


VlH- 


VlL “i 
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M5M4V18160CTP-5r6r7r5Sr6Sr7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Write Cycle (Delayed Write) 
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M5M4V18160CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-817 (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Fast Page Mode Upper / (Lower) Byte Write Cycle (Delayed Write) 



INP 


VlH- 
INPUTS 
_ _ ViL - 
DQi-DQa 
(or DQ9-DQ16) 
VOH- 
OUTPUTS ■ 
_ VOL - 



Hi-Z 
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M5M4V16165CTP-5,-6r7, 

-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

This is a famiiy of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideai 
for iarge-capacity memory systems where high speed, iow power 
dissipation, and low costs are essentiai. 

The use of doubie-layer metai process combined with twin-weli 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 


features 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max.ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 


50 

13 

25 

13 

90 

360 

M5M4V16165CTP-6,-6S 

60 

15 

30 

15 

110 

285 

M5M4V16165CTP-7,-7S 

70 

20 

35 

20 

130 

255 


•standard 50 pin TSOP 
•Single 3.3V ±10% supply 
•Low stand-by power dissipation 

1.8mW (Max) ..CMOS Input level 

•Low operating power dissipation 

M5M4V16165CTP-5,-5S ...435.0mW (Max) 

M5M4V16165CTP-6,-6S ---345.0mW (Max) 

M5M4V16165CTP-7,-7S .2III.310.0mW (Max) 

• Hype r-page mode , Read-modify-write,RAS-only refresh 
CAS before RAS refresh, l^den refresh capabilities 
•Early-write mode, OE" and W to control output buffer impedance 
All inputs, output TTL compatible and low capacitance 
•4096 refresh cycles every 64ms (Ao~Ai i) 

* : Applicable to self refresh version (M5M4V16165CTP-5S,-6S, 
-7S: option) only 


PIN CONFIGURATION (TOP VIEW) 

vcc |T 


^ vss 

DQl [7 


491 DQ 16 

DQ2 U 


lal DQ15 

DQ3 |T 


71 DQ14 

DQ4 [T 


^ DQ13 

vcc [7 


71 Vss 

dq5 [T 


44I DQ 12 

DQe |T 


71 DQ 11 

DQ7 [7 


^ DQ 10 

DQs [7 


7] DQ9 

NC QT 

s 

cn 

12 S 39 

13 ^ 38 

a> 

14 37 

^ NC 

NC [7 

ai 

0 

36] NC 

NC [7 

H 

■0 

m LCAS 

w [7 


34] Ocas 

RAS [7 


m OE 

A11 [7 


32I A9 

Alo [7 


7] As 

AO 


^ A7 

Al [iF 


^ AS 

A2 [23 


^ As 

A3 [24 


Izl A4 

Vcc [7 


^ VSS 

Outline 50P3G-F(400mil TSOP Normal Bend) 

NC; NO CONNECTION 


APPLICATION 

Main memory unit for computers. Microcomputer memory. 
Refresh memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

Ao~ At 1 

Address inputs 

DQ 1 -DQ 16 

Data inputs/outputs 

RAS 

Row address strobe input 

UCAS 

Upper byte control 
column address strobe input 

LCAS 

Lower byte control 
column address strobe input 

W 

Write control input 


Output enable input 

Vcc 

Power supply (-h3.3V) 

Vss 

Ground (OV) 
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M5M4V16165CTP-5r6r7,-5Sr6S,-7S 

PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION _ 

The M5M4V16165CTP provide, in addition to normal read, write, hyper page mode, RAS-only refresh, and delayed-write. The input 

and read-modify-write operations, a number of other functions, e.g., conditions for each are shown in Table 1. 


hyper 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Output 1 

RAS 

LCAS 

UCAS 

W 


DQ1-DQ8 

DQ9~DQ16 

Lower byte read 

ACT 

ACT 

NAC 

NAC 

ACT 

DOUT 

OPN 

Upper byte read 

ACT 

NAC 

ACT 

NAC 

ACT 

OPN 

DOUT 

Word read 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

Lower byte write 

ACT 

ACT 

NAC 

ACT 

NAC 

DIN 

DNC 

Upper byte write 

ACT 

NAC 

ACT 

ACT 

NAC 

DNC 

DIN 

Word write 

ACT 

ACT 

ACT 

ACT 

NAC 

DIN 

DIN 

RAS-only refresh 

ACT 

NAC 

NAC 

DNC 

DNC 

OPN 

OPN 

Hidden refresh 

ACT 

ACT 

ACT 

■m 

ACT 

DOUT 

DOUT 

CAS before RAS refresh 

ACT 

ACT 

ACT 

DNC 

DNC 

OPN 

OPN 

Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

OPN 


Note : ACT : active, NAC : nonactive, DNC : don't care, VLD : valid, IVD; invalid, APD : applied, OPN : open 


BLOCK DIAGRAM 

ROW ADDRESS 
STROBE INPUT 

LOWER BYTE CONTROL _ 

COLUMN ADDRESS LCAS 
STROBE INPUT 
UPPER BYTE CONTROL 
COLUMN ADDRESS 
STROBE INPUT 
WRITE CONTROL 
INPUT 


VCC (3.3V) 
VSS(pV) 


UCAS 


ADDRESS INPUTS < 



LOWER DATA 
'INPUTS/OUTPUTS 


[UPPER DATA 
riNPUTS/OUTPUTS 


OUTPUT ENABLE 
INPUT 
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some HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-0.5~4.6 

V 

Vi 

Input voltage 

-0.5~4.6 

V 

Vo 

Output voltage 

-0.5~4.6 

V 

1 0 

Output current 


50 

mA 

Pd 

Power dissipation 

13=25*0 

1000 

mW 

Topr 

Operating temperature 


o 

1 

o 

'C 

Tstg 

Storage temperature 


1 -65-150 i 

*0 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C, unless otherwise noted) (Note i) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Norn 

Max 

Vcc 

Supply voltage 

3.0 

3.3 

3.6 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

VIH 

High-level input voltage, all inputs 

■^3 



V 

VIL 

Low-level input voltage, all inputs 



HIM 

V 


Note 1: All voltage values are with respect to VSS. 


ELECTRICAL CHARACTERISTICS (Ta=0~70'’C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted) (Note 2) 


Symbol 

Parameter 

Test conditions 

Limits I 

Unit 


■SB 


VOH 

High-level output voltage 

loH=-2.0mA 

2.4 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=2.0mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating 0 V^Vout^3.3V 



10 


h 

Input current 

OV^ViN ^3.6V, Other inputs pins=0V 

-10 


10 

aA 

|CC1(AV) 

Average supply current 
from Vcc operating 

(Note 3,4,5) 

M5M4V16165C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



120 

mA 

M5M4V16165C-6,-6S 



95 

M5M4V16165C-7,-7S 



85 

|CC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

^=C^SVcc-0.2V 
output open 



0.5 



0.15* 

|CC3(AV) 

Average supply current 
from Vcc refreshing 

(Note 3,5) 

M5M4V16165C-5,-5S 

RAS cycling, CAS=Vih 

tRC=min. 

output open 



120 

mA 

M5M4V16165C-6,-6S 



95 

M5M4V16165C-7,-7S 



85 

|CC4(AV) 

Average supply current 
from Vcc 

Hyper-Page-Mode 

(Note 3,4,5) 

M5M4V16165C-5,-SS 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



165 

mA 

M5M4V16165C-6,-6S 



130 

M5M4V16165C-7,-7S 



110 1 

|CC6(AV) 

Average supply current 

from Vcc _ 

CAS before RAS refresh 

(Note 3) 

M5M4V16165C-5,-5S 

CAS before RAS refresh cyciing 

tRC=min. 

output open 



120 

mA 

M5M4V16165C-6,-6S 



95 

M5M4V16165C-7,-7S 



85 

|CC8(AV)* 

Average supply current 
from Vcc 

Extended-refresh cycle 
(Note 6) 

M5M4V16165C (S) 

stand-by: 

^SVCC-0.2V 

CASSVCC-0.2V or CASS0.2V 

CAS before RAS refresh; 

RAS cycling CAS^0.2V or 

CAS before RAS refresh cycling 
"w^oav or SVCC-0.2V 

OE^0.2Vor ^VCC-0.2V 

Ao-~AllS0.2Vor ^VCC-0.2V 

DQ=open, tRC=125yrs, 
tRAS=tRASmin~1 ftS 



400 

aA 

|CC9(AV)* 

Average supply current 
from VCC 

Self-refresh cycle 

M5M4V16165C (S) 

R^=C^^0.2V 

■ 


200 

aA 


Note 2: Current flowing Into an IC is positive, out is negative. 

3: ICCI (AV), Ices (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCI (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

5: Column Address can be changed once or less while RAS=VIL and LCAS/UCAS=VIH . 
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ftlN M5M4V16165CTP-5,-6,-7,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAPACITANCE (Ta=0~70°C, Vcc=3.3V+0.3V, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Cl (A) 

Input capacitance, address inputs 


Cl(OE) 

Input capacitance, OE input 

Vi-Vss 

Ci(W) 

Input capacitance, write control input 

fsIMHz 

Cl (^) 

Input capacitance, RAS input 

Vi=25mVrms 


Input capacitance, CAS input 


I Cl/0 

Input/Output capacitance, data ports 



Limits 


Min I Typ Max 


5 



SWITCHING CHARACTERISTICS (Ta=0~70'’C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted, see notes 6,14,15) 


Symbol 

Parameter 

tCAC 

Access time from CAS 

(Note 7,8) 

tRAC 

Access time from RAS 

(Note 7,9) 

tAA 

Columu address access time 

(Note 7,10) 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


Access time from OE 

(Note 7) 

tOHC 

Output hold time from CAS | 

tOHR 

Output hold time from RAS 

(Note 13) 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

tOEZ 

Output disable time after OE high 

(Note 12) 

tWEZ 

Output disable time after WE low 

(Note 12) 

tOFF 

Output disable time after CAS high 

(Note 12,13) 

tREZ 

Output disable time after RAS high 

(Note 12,13) 


Limits 


M5M4V16165C-5,-5S M5M4V16165(>«,-6S M5M4V16165C-7,-7S 






Note 6: An Initial paus e of 5 00 ps is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock su ch as RAS-Only refresh). __ 

N ote th e RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 64ms) 
of RAS inactivity before proper device operation is achieved. 

7; Measured with a load circuit equivalent to VOH=2.4V(lOH=-2mA) / VOL;=0.4V(lOL=2mA) load lOOpF. 

The reference levels for measuring of output signal are 2.0V(VOH) and 0.8V(VOL). 

8: Assumes that tRCD 2 tRCD(max) and tASC ^ tASC(nnax). and tCPS: tCPfmax). 

9: Assumes that tRCO ^ tRCD(max) and tRAD ^tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10; Assumes that tRAD 2 tRAD(max) and tASC ^ tASC(max). 

11: Assumes that tCP^ tCP(max) and tASC ^ tASC(max). 

12; tOEZ(max), tWEZ(max), tOFF(max)and tREZ(max)defines the time at which the output achieves the high impedance state (lOUT^ |±10;<A|) and is not 
reference to VOH(min) or VOL(max). 

13: Output is disabled after both RAS and CAS go to high. 
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Notice- ^ 

some pamm HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 

(Ta=0~70”C, Vcc=3.3V±0.3V, Vss=0V, unless othenwise noted, see notes 14,15) 





Limits 


Symbol 

Parameter 


M5M4V16165C-5,-5S 

M5M4V16165C-6,-6S 

M5M4V16165C-7,-7S 

Unit 




Min 

Max 

Min 


Min 

Max 


tREF 

Refresh cycle time 


64 


64 


64 

ms 

tREF* 

Refresh cycle time 




IBM 



ms 

tRP 

RAS hiqh pulse width 

30 


40 


50 


ns 

tRCD 

Delay time, RAS low to CAS low 

(Note 16} 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS low 

5 


5 


5 


ns 

tRPC 

Delay time, RAS high to CAS low 

0 


0 


0 


ns 

tCPN 

CAS high pulse width 

8 


10 


10 


ns 

tRAD 

Column address delay time from RAS low 

(Note 17) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS low 

(Note 18) 

0 

10 

0 

13 

0 

13 

ns 

tRAH 

Row address hold time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

8 


10 


10 


ns 

tDZC 

Delay time, data to CAS low 

(Note 19) 

0 


0 


0 


ns 

tDZO 

Delay time, data to OE low 

(Note 19) 

0 


0 


0 


ns 

tRDD 

Delay time, RAS high to data 

(Note 20) 

13 


15 


20 


ns 

tCDD 

Delay time, CAS high to data 

(Note 20) 

13 


15 


20 


ns 

tODD 

Delay time, OE high to data 

(Note 20) 

13 


15 


20 


ns 

tr 

Transition time 

(Note 21) 

1 

i^E3i 

1 

1^1 

1 

50 

ns 


Note 14; The timing requirements are assumed tT =2ns. 

15: VlH(min) and VlL(max) are reference ieveis for measuring timing of input signais. 

16: tRCD(max) is specified as a reference point oniy. if tRCD is iess than tRCOfmax), access time is tRAC. if tRCD is greater than tRCD(max), access time is 


controiied exclusiveiy by tCAC or tAA. 

17: tRAD(max) is specified as a reference point only. If tRAD ^ tRAD(max) and tASC ^ tASC(max), access fime is controlled exclusively by tAA. 
18: tASCfmax) is specified as a reference point only. If tRCD ^ tRCD(max) and tASC ^ tASC(max), access time is controlled exclusively by tCAC 
19: Either tDZC or tDZO must be satisfied. 

20; Either tRDD or tCDD or tODD must be satisfied. 

21: tT is measured between VlH(min) and VlL(max). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16165C-5,-5S 

MSM4V16165C-6,-6S 

M5M4V16165C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

90 


110 


130 


ns 

tRAS 

RAS low pulse width 

50 


60 


70 


ns 

tCAS 

CAS low pulse width 

8 


10 

IMAM 

13 


ns 

tCSH 


40 


48 


55 


ns 

tRSH 

RAS hold time after CAS low 

13 


15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tRCH 

Read hold time after CAS hiqh (Note 22) 

0 


0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 22) 

10 


10 


10 


ns 

tRAL 

Column address to RAS hold time 

25 


30 


35 


ns 

tCAL 

Column address to CAS hold time 

13 


18 


23 


ns 

tORH 

RAS hold time after OE low 

13 


15 


20 


ns 

tOCH 

CAS hold time after OE iow 

13 


15 


20 


ns 


Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 


A MITSUBISHI 
ELECTRIC 


5 - 383 































































































































































































MITSUBISHI LSIs 




M5M4V16165CTP-5,-6,-7,-5S,-6Sr7S 






HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16165C-5,-5S 

M5M4V16165C-6,-6S 

M5M4V16165C-7,-7S 

Min 





12^9 

two 

Write cycle time 

90 


ikntt 




ns 

tRAS 

RAS low pulse width 

50 




70 


ns 

tCAS 

CAS low pulse width 

8 

II«W»M 

10 


13 


ns 

tCSH 


40 


48 


55 


ns 

tRSH 

RAS hold time after CAS low 

13 


15 


20 


ns 

twcs 

Write setup time before CAS low (Note 24) 

0 


HIQII 


0 


ns 

tWCH 

Write hold time after CAS low 

8 


10 


13 


ns 

tCWL 


8 


10 


13 


ns 

tRWL 


8 


10 


13 


ns 

tWP 

Write pulse width 

8 


10 


13 


ns 

IDS 

Data setup time before CAS low or W”low 



0 


0 


ns 

tDH 

■ ira [• 11111 1 1 w 

8 


10 


mm 


ns 


Read-Write and Read-Modify-Write Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16165C-5,-5S 

M5M4V16165(>«,-6S 

M5M4V16165C-7,-7S 

Min 

12^9 



BUJj9 


tRWC 

Read write/read modify write cycle time (Note 23) 

■n9i 




161 


ns 

tRAS 

RAS low pulse width 

75 


mm 


107 

BTliVM 

ns 

tCAS 

CAS low pulse width 

38 


WEM 


57 


ns 

tCSH 

CAS hold time after RAS low 

70 


mm 


99 


ns 

tRSH 


38 


44 


57 


ns 

tRCS 

Read setup time before CAS low 

0 




0 


ns 

tCWD 

Delay time, CAS low to W low (Note 24) 

28 


32 


42 


ns 

tRWD 

Delay time, RAS low to W low (Note 24) 

65 


77 


92 


ns 

tAWD 

Delay time, address to W low (Note 24) 

40 


47 


57 


ns 

tOEH 

OE hold time after W low 

13 


mm 


20 


ns 


Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL<min)+tRP(min)+4tT. 


24: tWCS, tcWD, tRWD and tAWD and, tCPWD are specified as reference points only. If twcs^tWCSfmin) the cycle Is an early write cycle and the DQ pins 
will remain high impedance throughout the entire cycle. If tCWD^tcWD(min), tRWDSstRWOfmin), tAWO^tAWD(min) and tCPWD^ tCPWD(min) 

(for hyper page mode cycle only), the cycle Is a read-modify-write cycle and the D Q will c ontain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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M5M4V16165CTP-5,-6r7r5Sr6Sr7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper page Mode Cycle 

(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16165C-5,-5S 

M5M4V16165C-6,-6S 

M5M4V16165C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

tHPC 

Hyper page mode read/write cycle time 

20 




30 


ns 

tHPRWC 

Hyper page mode read write/read modify write cycle time 

57 


66 


79 


ns 


leffl 1 ff«! !• 1 i 1 1 if cl i 

5 


5 


5 


ns 

tRAS 

low pulse width for read write cycle (Note 26) 

65 

EEBl 

77 


92 

iPimniq 

ns 

tCP 

CAS high pulse width (Note 27) 

8 

13 

10 

16 

10 

16 

ns 

tCPRH 

RAS hold time after CAS precharge 

30 


35 


40 


ns 

tCPWD 

Delay time, CAS precharge to W low (Note 24) 

45 


52 


62 


ns 

tCHOL 

Hold time to maintain the data Hi-Z until CAS access 

7 


7 


7 


ns 

tOEPE 


7 


7 


7 


ns 

tWPE 


7 


7 


7 


ns 

tHCWD 


28 


32 


42 


ns 

tHAWD 

Delay time, address to W low after read 

52 


62 


72 


ns 

tHPWD 

Delay time, CAS precharge to W low after read 

62 


72 


82 


ns 

tHCOD 

Delay time, CAS low to OE high after read 

13 


15 


20 


ns 

tHAOD 

Delay time, address to OE high after read 

25 


30 


35 


ns 

tHPOD 

Delay time, CAS precharge to OE high after read 

30 


35 


40 


ns 


Note 25; All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26: tRAS(min) is specified as two cycles of CAS Input are performed. 

27: tCP(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 28 ) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16165C-5,-5S 

M5M4V16165C-6,-6S 

MSM4V16165C-7,-7S 

Min 

Max 

Min 


Min 


tCSR 

CAS setup time before RAS low 

5 


5 


5 


ns 

tCHR 


10 


10 


15 


ns 


Note 28; Eight or more CAS before RAS cycles Instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 
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SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by ’S' after speed item, like -5S/ -6S/ -7S. The other characteristics and requirements than the below are 
same as normal devices. 


TIMING REQUIREMENTS (Ta=0~70’C, Vcc=3.3V±0.3V, Vss=0V, unless othenwise noted, see notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V16165C-5S 

M5M4V16165C-6S 

M5M4V16165C-7S 

Min 


Min 

Max 

Min 

ElSi 

tRASS 

Self refresh RAS low pulse width 

100 


100 


100 


/iS 

tRPS 

Self refresh RAS high precharge time 

90 


TBm 


■ESI 


ns 

tCHS 

Self refresh RAS hold time 

-50 


uEm 


-50 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) in case of distributed refresh 

The last / first full refresh cycles (4K) must be made within tNS / tsN before / after self refresh, on the condition of tNS^64ms and 
tSN^64ms. 

r >1 

---IIII--IIII 

DISTRIBUTED REFRESH 
< 4K / 64ms > 

(2) In case of burst refresh 

The last / first full refresh cycles (4K) must be made within tNS / tsN before / after self refresh, on the condition of tNS +tSN^64ms. 



DISTRIBUTED REFRESH 
< 4K / 64ms > 



BURST REFRESH 
< 4K / 64ms > 


tSN 



BURST REFRESH 
< 4K/64ms > 
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" HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Timing Diagrams (Note 29 ) 
Read Cycle 


LCAS/UCAS 



COLUMN 

ADDRESS 


DQi~DQi6 
(INPUTS) ViL 


DQi~DQi 6 
(OUTPUTS) VoL 


^ tOHR ' 
DATA VALID 


tRDD 



j 

tWEZ 

2 

ItOFFJ 


Indicates the don't care input. 

VIH(min)^ VlN^VlH(max) or VlL(min)^VlN^VlL(niax) 


'j Indicates the invalid output. 


A MITSUBISHI 
ELECTRIC 


5-387 













MITSUBISHI LSIs 


M5M4V16165CTP-5,-6r7r5Sr6S,-7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 



5-388 


A 


MITSUBISHI 

ELECTRIC 



























MITSUBISHI LSIS 


I’i'sySS!. 


M5M4V16165CTP-5r6r7r5Sr6Sr7S 




HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 



A 


MITSUBISHI 

ELECTRIC 


5 - 389 

















MITSUBISHI LSIs 


EUWUNABV 


M5M4V16165CTP-5,-6,-7,-58,-68,-78 






HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Byte Early Write Cycle 



DQi~DQ8 \/|h _ 
(or DQ9 ~DQi 6) 
(INPUTS) ViL - 



DQi'^DQs \/oH_ 

(or DQ9 ~DQi 6) 
(OUTPUTS) VoL - 


DQ9~DQi 6 V(H- 
(or DQi~DQ8) 
(INPUTS) ViL - 



DQ9~DQ16 
(or DQi~DQ 8) 
(OUTPUTS) VoL - 
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Byte Delayed Write Cycle 


(or UCAS) ViL 


or LCAS 




<-£22-.j 

tRSH 


tCAS 


{*t*!*!*$ 



DQi~DQ 8 
(or DQ9 ~DQi6) 
(INPUTS) ViL 


DQi~DQ 8 
(or DQ9 ~DQi 6) 
(OUTPUTS) VoL 


DQ9~DQi 6 yiH 
(or DQi~DQ8) 
(INPUTS) ViL 


DQ9~DQi6 VoH 
(or DQi~DQ 8) 
(OUTPUTS) VoL 
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tKb is not «to change- 

Notice. taciimitse'® 


RAS 


VlH- 
VlL - 


_ _ViH - 

LCAS / UCAS 

VlL- 


Ao~Aii 


VlH- 
VlL - 


w 


VlH- 
VlL - 


DQi~DQi6 Yih- 
(INPUTS) _ 


■DQi~DQi6 


VOH - 


(OUTPUTS) voL - 


m 


VlH- 

VlL- 
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Hyper Page Mode Byte Early Write Cycle 


RAS 


LC AS 
(or UCAS) ViL - 


UC AS 
(or LCAS) viL 


Ao-Aii 


W 


DQi—DQs ViH _ 
(or DC39 ~DQi 6) 
(INPUTS) ViL - 


DQi~DQ8 voh- 
(or DQ9 ~DQi 6) 
(OUTPUTS) VoL - 


DQ9~DQ16 Vih _ 
(or DQi~DQ8) 
(INPUTS) ViL - 



VlH- 


ViL - 


DQ9~DQ16 voh- 
(or DQi~DQ 8) 
(OUTPUTS) VoL - 


OE 
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CAS before RAS Refresh Cycle, Extended Refresh Cycle* 


RAS 


VlH- 

VlL-. 


LCAS / UCAS 


Ao~Aii 


W 


DQi~DQi 6 
(INPUTS) viL - 


DQi~DQi6 

(OUTPUTS) VOL- 


5E 


tRP 




tRPC tCSR 


tRC 


tRAS 


M 

■ 

1 

mM 

■ 





rsj 

1 


tRC 


tRAS 


tRP 
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Hidden Refresh Cycle (Read) (Note 30) 




Note 30: Early write, delayed write, read write or read modify write cycle is appiicable instead of read cycie. 
Timing requirements and output state are the same as that of each cycie shown above. 
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DESCRIPTION 

This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 


FEATURES 


Type name 

RAS 

access 

time 

(max.ns) 

CAS 

access 

time 

(max.ns) 

Address 

access 

time 

(max. ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

M5M4V18165CTP-5,-5S 

50 

13 

25 

13 

90 

540 

M5M4V18165CTP.6,.6S 

60 

15 

30 

15 

110 

450 

M5M4V18165CTP-7,-7S 

70 

20 

35 

20 

130 

390 


•Standard 50 pin TSOP 

• Single 3.3V ±0.3V supply 

• Low stand-by power dissipation 

1.8mW(Max).-.- CMOS Input level 

• Low operating power dissipation 

M5M4V18165CTP-5,-5S.-—-.-650.0mW (Max) 

M5M4V18165CTP-6,-6S - -540.0mW (Max) 

M5M4V18165CTP-7,-7S..470.0mW (Max) 

• Hype r-page mode , Read-modify-write,RAS-only refresh 
CAS before RAS refresh. Hidden refresh capabilities 

• Early-write mode, OE and W to control output buffer impedance 
Ail inputs, output TTL compatible and low capacitance 

• 1024 refresh cycles every 16.4ms (Ao~As) 

* : Applicable to self refresh version (M5M4V18165CTP-5S,-6S, 
-7S: option) only 


PIN CONFIGURATION (TOP VIEW) 

VCC U 


vss 

DQl [7 


DQl6 

dq2 |T 


^ DQiS 

DQ3 [T 


^ DQ14 

dq4 u 


^ DQl 3 

VCC [7 


71 Vss 

DQS [7 


71 DQi2 

DQ6 [T 


^ DQ11 

DQ7 U 


fi] DQio 

DQs [7 


T] DQ9 

NC Qi 

s 

oi 

12 ? 39 

13 ^ 38 

Q9 

14 :± 37 

^ NC 

NC [7 

81 

o 

3^ NC 

NC [7 

H 

■0 

35] LCAS 

W Q7 


13 

RAS Qe 


H OE 

NC 


32I As 

NC [20 


^ A8 

AO 


^ A7 

A1 [!£ 


^ Ae 

A2 [m 


^ As 

A3 [iT 


^ A4 

VCC 


^ vss 

Outline 50P3G-F (400mil TSOP Normal Bend) 

NC; NO CONNECTION 


APPLICATION 

Main memory unit for computers. Microcomputer memory. 
Refresh memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

Ao-As 

Address inputs 

DQi~DQi6 

Data inputs/outputs 

RA5 

Row address strobe input 

UCAS 

Upper byte control 
column address strobe input 

LCAS 

Lower byte control 
column address strobe input 

W 

Write control input 

OE 

Output enable input 

Vcc 

Power supply (■l■3.3V) 

Vss 

Ground (OV) 
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FUNCTION 

The M5M4V18165CTP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, e.g., 


hyper page mode, RAS-only refresh, and delayed-write. The input 
conditions for each are shown in Table 1. 


Table 1 Input conditions for each mode 


Lower byte read 


Upper byte read 


Word read 


Lower byte write 


Upper byte write 


Word write 


Hidden refresh 


CAS before RAS refresh 


Stand-by 


Note: ACT: active, NAC : nonactive, DNC: don't care, VLD : valid, IVD : invalid, APD; applied, OPN: open 




Inputs 



Input/Output 


LCAS 

UCAS 

W 

OE 

DQi-DQs 

DQ9~DQ16 

ACT 

ACT 

NAC 

NAC 

ACT 

DOUT 

OPN 

ACT 

NAC 

ACT 

NAC 

ACT 

OPN 

DOUT 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

ACT 

ACT 

NAC 

ACT 

NAC 

DIN 

DNC 

ACT 

NAC 

ACT 

ACT 

NAC 

DNC 

DIN 

ACT 

ACT 

ACT 

ACT 

NAC 

DIN 

DIN 

ACT 

NAC 

NAC 

DNC 

DNC 

OPN 

OPN 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

ACT 

ACT 

ACT 

DNC 

DNC 

OPN 

OPN 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

OPN 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 

Conditions 

Ratings 

Unit 

Vcc 

Supply voltage 

With respect to Vss 

-0.5~4.6 

V 

Vi 

Input voltage 

-0.5~4.6 

V 

Vo 

Output voltage 

-0.5~4.6 

V 

1 o 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25‘’C 

1000 

mW 

Topr 

Operating temperature 


o 

1 

o 

*C 

Tstg 

Storage temperature 


1 -65~150 

*C 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70^, unless othenwise noted) (Note l) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Norn 

Max 

Vcc 

Supply voltage 

3.0 

3.3 

3.6 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

ViH 

High-level input voltage, all inputs 

2.0 



V 

VIL 

Low-level input voltage, all inputs 

KOI 


mrm 

V 


Note 1 : All voltage values are with respect to Vss. 

ELECTRICAL CHARACTERISTICS CTa=0~70'’C, Vcc=3.3V±0.3V, Vss=0V, unless otherwise noted) (Note 2 ) 




Symbol 

Parameter 

Test conditions 

Limits 1 

Unit 

Min 

B9' 


VOH 

High-level output voltage 

IOH=-2.0mA 

2.4 


Vcc 

V 

VOL 

Low-level output voltage 

IOL=2mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating OV ^Vout ^ 3.3V 

-10 


10 , 

aA 

li 

Input current 

OV^ ViN ^ 3.6V, Other inputs pins=0V 

-10 


10 

aA 

ICCI(AV) 

Average supply current 
from Vcc operating 

(Note 3,4,5) 

M5M4V18165C-5,-5S 

RAS, CAS cycling 
tRC=twc=min. 
output open 



180 

mA 

M5M4V18165C-6,-6S 



150 

M5M4V18165C-7,-7S 



130 

|CC2 

Supply current from Vcc, stand-by (Note 6) 

RAS= CAS =ViH, output open 



2 

mA 

^=CAS^Vcc -0.2V 
output open 



0.5 



0.15* 

|CC3(AV) 

Average supply current 
from Vcc refreshing 

(Note 3,5) 

M5M4V18165C-5,-5S 

RAS cycling, CAS=Vih 

tRC=min. 

output open 



180 

mA 

M5M4V18165C-6,-6S 



150 

M5M4V18165C-7,-7S 



130 

|CC4(AV) 

Average supply current 
from vcc 

Hyper-Page-Mode 

(Note 3,4,5) 

M5M4V18165C-5,-5S 

RAS=Vil, CAS cycling 

tpc=min. 

output open 



165 

mA 

M5M4V18165C-6,-6S 



130 

M5M4V18165C-7,-7S 



110 

ICC6(AV) 

Average supply current 

from Vcc _ 

CAS before RAS refresh 

(Note 3) 

M5M4V18165C-5,-5S 

CAS before RAS refresh cycling 

tRC=min. 

output open 



180 

mA 

M5M4V18165C-6,-6S 



150 

M5M4V18165C-7,-7S 



130 

|CC8(AV) * 

Average supply current 
from Vcc 

Extended-refresh cycle 
(Note 6) 

M5M4V18165C (S) 

stand-by: 

^svcc-o.av 

CASSVCC-0.2V or CASS0.2V 

CAS before RAS refresh: 

R^ cycling ^^0.2V or 

CAS before RAS refresh cycling 
■^0.2VorSVCC-0.2V 

OE^0.2Vor SVCO0.2V 

Ao~A 9S0.2V or SVCC-0.2V 

DQ=open, tRC=125/rS, 
tRAS=tRASnnin~1 fiS 


1 

300 

aA 

ICC9(AV) ♦ 

Average supply current 
from Vcc 

Self-refresh cycle 

M5M4V18165C (S) 

R^=^^0.2V 


■ 

200 

aA 


Note 2: Current flowing into an 1C is positive, out is negative. 

3: loci (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: loci (AV) and ICC4 (AV) are dependent on output loa ding. Specified values are o btained with the output open. 

5: Column Address can be changed once or less while RAS=VIL and LCAS/UCAS=VIH . 
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CAPACITANCE (Ta=0~70‘’C, Vcc=3.3V±3.3V, Vss=0V, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

f=1MHz 

Vi=25mVrms 



5 

pF 

Cl(OE) 

Input capacitance, OE input 



7 

PF 

Ci(W) 

Input capacitance, write control Input 



7 

pF 

Cl(R^) 

Input capacitance, RAS input 



7 

pF 


Input capacitance, CAS input 



7 

pF 

1 Cl/0 

Input/Output capacitance, data ports 



7 

pF 


SWITCHING CHARACTERISTICS (Ta=0 ~70'C, Vcc=3.3V±0.3V, Vss=0V, unless othenwise noted, see notes 6,14,15) 





Limits 


Symbol 

Parameter 


M5M4V18165C-5,-5S 

M5M4V18165C-6,-$S 

M5M4V18165C-7,-7S 

Unit 



Min 


Min 


Min 

B?!BB 


tCAC 

Access time from CAS 

(Note 7,8) 


13 


15 


20 

ns 

tRAC 


(Note 7,9) 


50 


60 


70 

ns 

tAA 

Columu address access time 

(Note 7,10) 


25 


30 


35 

ns 

tCPA 

Access time from CAS precharge 

(Note 7,11) 


30 


35 


40 

ns 

tOEA 

Access time from OE 

(Note 7) 


13 


15 


20 

ns 

tOHC 

Output hold time from CAS 

5 


5 


5 


ns 

tOHR 

Output hold time from RAS 

(Note 13) 

5 


5 


5 


ns 

tCLZ 

Output low impedance time from CAS low 

(Note 7) 

5 


5 


5 


ns 

tOEZ 

Output disable tirhe after OE high 

(Note 12) 

0 

13 

0 

15 

0 

20 

ns 

tWEZ 

Output disable time after WE low 

(Note 12) 

0 

13 

0 

15 

0 

20 

ns 

tOFF 

Output disable time after CAS high 

(Note 12,13) 

0 

13 

0 

15 

0 

20 

ns 

tREZ 

Output disable time after RAS high 

(Note 12,13) 

0 

13 

0 

15 

0 

20 

ns 


Note 6: An initial pause of 500 ps is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a HAS 
clock su ch as RAS-Only refresh). __ 

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 16.4ms) 
of RAS inactivity before proper device operation is achieved. 

7; Measured with a load circuit equivalent to VOH=2.4V(lOH=-2mA) / VOL=0.4V(lol.^2mA) load lOOpF. 

The reference levels for measuring of output signal are 2.0V(VOH) and 0.8\/(VOL). 

8: Assumes that tRCD ^ tRCD(max) and tASC ^ tASC(max). and tCP^ tCP(max). 

9; Assumes that tRCD ^ tRCD(max) and tRAD ^tRAD(niax). If tRCD or tRAO is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD ^ tRAD(max) and tASC ^ tASC(max). 

11: Assumes that tCP^ tCP(max) and tASC ^ tASC(max). 

12: tOEZ(max) ,tWE2(inax), tOFF(max) and tREZ(max)defines the time at which the output achieves the high impedance state (loUT^ |±10pA|) 
and is not reference to VOH( min) o r VO L(ma x). 

13: Output is disabled after both RAS and CAS go to high. 
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M5M4V181 65CTP-5,-6,-7,-5S,-6S,-7S 


This is not a Sit'S* 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 

(Ta=0~70'C, Vcc=3.3V±0.3V, Vss=0V, unless othenwise noted, see notes 14,15) 





Limits 


Symbol 

Parameter , 


M5M4V18165C-5,-5S 

M5M4V18165(>6,-6S 

M5M4V18165C-7,-7S 

Unit 




MM 


Min 


Min 

Max 


tREF 

Refresh cycle time 


16.4 


16.4 


16.4 

ms 

tREF* 

Refresh cycle time 


■bill 





ms 

tRP 

RAS high puise width 

30 


40 


50 


ns 

tRCD 

Deiay time, RAS low to CAS low 

(Note 16) 

18 

37 

20 

45 

20 

50 

ns 

tCRP 

Delay time, CAS high to RAS iow 

5 


5 


5 


ns 

tRPC 




0 


0 


ns 

tCPN 

CAS high puise width 

8 


10 


10 


ns 

tRAD 

Coiumn address deiay time from RAS iow 

(Note 17) 

13 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before RAS low 

0 


0 


0 


ns 

tASC 

Column address setup time before CAS ioW 

(Note 18) 

0 

10 

0 

13 


13 

ns 

tRAH 

Row address hoid time after RAS low 

8 


10 


10 


ns 

tCAH 

Column address hold time after CAS low 

8 


10 


10 


ns 

tDZC 

Delay time, data to CAS low 

(Note 19) 



0 


0 


ns 

tDZO 


(Note 19) 

0 


0 


0 


ns 

tRDD 

Delay time, RAS high to data 

(Note 20) 

13 


15 


20 


ns 

tCDD 

Delay time, CAS high to data 

(Note 20) 

13 


15 


20 


ns 

tODD 

Delay time, OE high to data 

(Note 20) 

13 


15 


20 


ns 

tT 

Transition time 

(Note 21) 

1 


1 

HE3il 

IHli 

50 

ns 


Note 14: The timing requirements are assumed tT =2ns. 

15: VlH(min) and ViL(max) are reference ieveis for measuring timing of input signals. 

16: tRCD(max) is specified as a reference point only. If tRCD is less than tHCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 


controlled exclusively by tCAC or tAA. 

17: tRADfmax) is specified as a reference point only. If tRAD ^tRADfmax) and tASC :£tASC(max), access time is controlled exclusively by tAA. 
18: tASC(max) is specified as a reference point only. If tRCD ^tRCD(max) and tASC ^tASC(max), access time Is controlled exclusively by tCAC 
19: Either tDZC or tozo must be satisfied. 

20: Either tRDO or tCDD or tODD must be satisfied. 

21: tr is measured between VlH(min) and VIL(max). 


Read and Refresh Cycles 


Symbol 

Parameter 

Limits 

Unit 

M5M4V18165C-5,-5S 

M5M4V18165C-6,-6S 

M5M4V18165C-7,-7S 

Min 

■2^11 

Min 

Max 

Min 

Max 

tRC 

Read cycle time 

90 


110 


130 


ns 

tRAS 

RAS low pulse width 

50 

■[cmuM 

60 

■HHW 

70 


ns 

tCAS 

CAS low pulse width 

8 


10 


13 


ns 

tCSH 

CAS hold time after RAS low 

40 


48 


55 


ns 

tRSH 


13 


15 


20 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tRCH 

1 L III] [«■ f 11 iTtV:) 1 A 

0 


0 


0 


ns 

tRRH 

Read hold time after RAS high (Note 22) 

10 


10 


10 


ns 

tRAL 

Column address to RAS hold time 

25 


30 


35 


ns 

tCAL 

Column address to CAS hold time 

13 


18 


23 


ns 

tORH 

R^ hold time after OE low 

13 


15 


20 


ns 

tOCH 

CAS hold time after OE low 

13 


15 


20 


ns 


Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 
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M5M4V181 65CTP-5,-6,-7,-5S,-6S,-7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Write Cycle (Early Write and Delayed Write) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V18165C-5,-5S 

M5M4V18165C-6,-6S 

M5M4V18165C-7,-7S 

Min 

Max 

Min 

Max 

Min 

Max 

two 

Write cycle time 

90 


110 


130 


ns 

Iras 

RAS low pulse width 

50 

Ilt!»!»M 

60 


70 

■nuimi 

ns 

tCAS 

CAS low pulse width 

8 

il»M»M 

10 

BliMiM 

13 


ns 

tCSH 


40 


48 


55 


ns 

tRSH 


13 


15 


20 


ns 

twcs 

Write setup time before CAS low (Note 24) 

0 


0 


0 


ns 

tWCH 

Write hold time after CAS low 

8 


10 


13 


ns 

tCWL 

CAS hold time after W low 

8 


10 


13 


ns 

tRWL 

RAS hold time after Wlow 

8 


10 


13 


ns 

tWP 

Write pulse width 

8 


10 


13 


ns 

IDS 

Data setup time before CAS low or W low 

0 


0 


0 


ns 

IDH 

■ >Fi R1 iTo 11114:11 

8 


10 


13 


ns 


Read-Write and Read-Modify-Write Cycles 





Limits 


Symbol 

Parameter 


M5M4V18165C-5,-5S 

M5M4V18165C-6,-6S 

M5M4V18165C-7,-7S 

Unit 




Min 


Min 

Max 

Min 

Max 


tRWC 

Read write/read modify write cycle time 

(Note 23) 

109 


133 


161 


ns 

tRAS 

■ MIN 

75 

DBI 

89 


107 


ns 

tCAS 

CAS low pulse width 

38 


44 


57 


ns 

tCSH 


70 


82 


99 


ns 

tRSH 


38 


44 


57 


ns 

tRCS 

Read setup time before CAS low 

0 


0 


0 


ns 

tCWD 

Delay time, CAS low to W low 

(Note 24) 

28 


32 


42 


ns 

tRWD 

Delay time, RAS low to W low 

(Note 24) 

65 


77 


92 


ns 

tAWD 

Delay time, address to W low 

(Note 24) 

40 


47 


57 


ns 

tOEH 


13 


15 


20 


ns 


Note 23: tRWC is specified as tRWC(min)=tRAC(max)-i-tODD(min)-i-tRWL(min)-i-tRP(min)-t4tT. 


24: tWCS, tCWD, IRWD and tAWD and, tCPWD are specified as reference points only. If tWCSStWCSfmin) the cycle is an eariy write cycie and the DQ pins 
wiii remain high impedance throughout the entire cycie. if tcWD^tcWD(min), tRV\/DStRWD(min), tAWD^tAWD(min) and tcPWD^ tcPWD(min) 

(for hyper page mode cycie only), the cycle Is a read-modify-write cycle and the DQ will c ontain the data read from the selected address. 

If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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M5M4V181 65CTP-5,-6,-7,-5S,-6S,-7S 


notice-. g,|.ic Vimits at® 

some P® HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper page Mode Cycle 

(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V18165C-5,-5S 

M5M4V18165&6,-6S 

M5M4V18165C-7,-7S 

Min 

Max 

Min 

Max 

Min 


tHPC 

Hyper page mode read/write cycle time 

20 


25 


30 


ns 

tHPRWC 

Hyper page mode read write/read modify write cycle time 

57 


66 


79 


ns 

tOOH 


5 


5 


5 


ns 

tRAS 

low pulse width for read write cycle (Note 26) 

65 

Eiiiiisica 

77 

tliliMiM 

92 

ilHHiKIH 

ns 

tCP 

CAS high pulse width (Note 27) 

8 

13 

10 

16 

10 

16 

ns 

tCPRH 

RAS hold time after CAS precharge 

30 


35 




ns 

tCPWD 

Delay time, CAS precharge to W low (Note 24) 

45 


52 


62 


ns 

tCHOL 

Hold time to maintain the data Hi-Z until CAS access 

7 


7 


7 


ns 

tOEPE 

OE Pulse width (Hi-Z control) 

7 


7 


7 


ns 

tWPE 


7 


7 


7 


ns 

tHCWD 


28 


32 


42 


ns 

tHAWD 

Delay time, address to W low after read 

52 


62 


72 


ns 

tHPWD 

Delay time, CAS precharge to W low after read 

62 


72 


82 


ns 

tHCOD 

Delay time, CAS iow to OE high after read 

13 


15 


20 


ns 

tHAOD 

Delay time, address to OE high after read 

25 


30 


35 


ns 

tHPOD 

Delay time, CAS precharge to OE high after read 

30 


35 




ns 


Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26: tRAS(min) is specified as two cycles of CAS input are performed. 

27: tCP(max) is specified as a reference point only. 


CAS before RAS Refresh Cycle (Note 28) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V18165C-5,-5S 

M5M4V18165C-6,-6S 

M5M4V18165C-7,-7S 


92^9 


12^9 


92^1 

tCSR 

CAS setup time before RAS low 

5 


5 


5 


ns 

tCHR 

CAS hold time after RAS low 

9D3I 


10 


15 


ns 


Note 28: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 
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M5M4V18165CTP-5,-6,-7r5Sr6S,-7S 
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Notte®- TV'te v,^i« are 8U 

p*'*'"*’ HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/ -6S/ -7S. The other characteristics and requirements than the below are 
same as normal devices. 


TIMING REQUIREMENTS (Ta=0~70‘C, Vcc=5.0\/±10%, Vss=OV, unless otherwise noted, see notes 13,14) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V18165C-5S 

M5M4V18165C-6S 

M5M41V8165C-7S 

Min 


Min 

Max 

Min 

Max 

tRASS 

Self refresh RAS low pulse width 

100 


100 


100 


MS 

tRPS 

Self refresh RAS high precharge time 

90 


110 


130 


ns 

tCHS 

Self refresh RAS hold time 

-50 


-50 


-50 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (IK) must be made within tNs/tsN before / after self refresh, on the condition of tNS^I 6.4ms and 
tSN^I 6.4ms. 




DISTRIBUTED REFRESH 
< 1K/16.4ms > 


DISTRIBUTED REFRESH 
<1K/16.4ms > 


(2) In case of burst refresh 

The last / first full refresh cycles (1K) must be made within tNS / tsN before / after self refresh, on the condition of tNS +tsN ^ 16.4ms. 


|(_ ^ 

1-1- i —I 

BURST REFRESH 
< IK/16.4ms > 



BURST REFRESH 
< IK / 16.4ms> 
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® fchaPQ®- 

notice-. 

^ HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Timing Diagrams (Note 29) 
Read Cycle 


LCAS / UCAS 


DQi~DQi6 
(INPUTS) ViL - 



tASR tRAH 

»->| 4 - 1 

ROW ■ 
YS, ADDRESS 


DQi~DQi6 Voh- 
(OUTPUTS),,^, _■ 


tDZO , , tOEA 


O Indicates the don't care input, 
y VlH(min)iVlNSVlH(iTiax) or VlL(min)^VIN^VIL(max) 

'y Indicates the invalid output. 
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somB pa«^ HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Byte Early Write Cycle 


(or UCAS) viL 


(or LCAS) 



COLUMN 




ROW 

ADDRESS 


DQi~DQ 8 yi(^, 
(or DQ9 ~DQi6) 
(INPUTS) ViL 


DQi~DQ 8 
(or DQ9 ~DQi6) 
(OUTPUTS) VoL ■ 


DQ9~DQi6 vih- 
(or DQ 1 —DQ 8 ) 
(INPUTS) Viu 





DQ9~DQi 6 
(or DQi~DQ8) 
(OUTPUTS) VOL ■ 
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" HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Byte Read Cycle 


(or UCAS) viL 


or LCAS 


top , . tCAS I tCP 




■liRl 


IVV!lAl!!iAl!!!|ii!^^ 


DQi~DQ 8 
(or DQ9 ~DQi 6) 
(INPUTS) ViL 


DQi~DQ 8 
(or DQ9 ~DQi 6) 
(OUTPUTS) VoL 


DQ9~DQi6 vih 
( or DQi ~DQ8) 
(INPUTS) ViL 


DQ9'^DQig \/qh 
(or DQi ~DQ8) 
(OUTPUTS) VoL 


HnnARARi?SARinAnAninininAnininn7' 


'^1 




!:ATATAl!liA^ 


1^1 
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Hyper Page Mode Early Write Cycle 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Byte Early Write Cycle 


(or UCAS) ViL 


(or LCAS) viL 



DQi~DQ 8 
(or DQ9 ~DQi 6) 
(INPUTS) ViL 


DQi~DQ8 voh- 
(or DQ9 ~DQi 6) 
(OUTPUTS) VoL ■ 


DQ9~DQi 6 
(or DQi~DQ8) 
(INPUTS) ViL 










DQ9~DQi 6 yQH. 
(or DQi~DQ8) 
(OUTPUTS) VoL ■ 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Hyper Page Mode Read-Write, Read-Modify-Write Cycle 


RAS 

VIL 

VIH 

LCAS/UCAS 

ViL 

Ao~A9 

ViH 


ViL 

w 

ViH 


ViL 

DQi~DQi6 

ViH 

(INPUTS) 

ViL 

DQi~DQi6 

VOH 

(OUTPUTS) 

VOL 


*wlw 







WKKlSlSlSlS&ilS^^ 



H 
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M5M4V18165CTP-5r6r7r5Sr6S,-7S 


HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


CAS before RAS Refresh Cycle, Extended Refresh Cycle’*’ 


RAS 


ViH- 

VlL- 


_ _VlH- 

LCAS/UCAS 


VIL - 


Ao~A9 


VlH- 

VlL- 


w 


VlH- 

VlL- 


DQi~DQi 6 
(INPUTS) viL - 


DQi~DQi6 Voh- 
(OUTPUTS) VOL - 


OE 


VlH- 
VlL - 



A MITSUBISHI 
ELECTRIC 


5 - 437 
















MITSUBISHI LSIS 

M5M4V18165CTP-5,-6,-7,-58,-68,-78 


® ^ HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 





ROW 

ADDRESS 


DQi~DQi6 
(INPUTS) ViL - 


DQi~DQi6 
(OUTPUTS) VOL - 


tOFF ^ 
tOHC 


Note 30: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 
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M5M4V18167CTP-5r6,-7, 

-5S,-6S,-7S 

MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


DESCRIPTION 

The M5M4V18167CTP is pipeline burst dynamic RAM organized 
1048574-words by 16-bits. This is fabricated with the high 
performance CMOS process, and is ideal for large-capacity 
memory systems where high speed, low power dissipation, and low 
cost are essential. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 


• Standard SOpinTSOP 

• Single 3.3V +0.3V, -0.15V supply {3.15V~3.6V) 

• IjOw stand-by power dissipation 

1.8mW (Max) .CMOS Input level 

• Lovy operating power dissipation 

M5M4V18167CTP- 5,-5S .650.0mW (Max) 

M5M4V18167CTP- 6,-6S .540.0mW (Max) 

M5M4V18167CTP- 7,-7S .470.0mW (Max) 

• Pipeline Burst mode, RAS-only refresh, CAS before RAS refresh. 
Hidden refresh capabilities 

• Early-wtite mode and ^ to control output buffer impedance 
All inputs, output LVTTL compatible and low capacitance 

• 1024 refresh cycles every 16.4ms (Ao~A9) 

*: Applicable to self refresh version (M5M4V18167CTP-5S,-6S, 
-7S: option) only 

APPLICATION 

Main memory unit for computers. Microcomputer memory. Refresh 
memory for CRT 


Type name 

IW5 

access 

time 

(max.ns) 

CAS 

access 

time 

(max .ns) 

Address 

access 

time 

(max .ns) 

OE 

access 

time 

(max.ns) 

Cycle 

time 

(min.ns) 

Power 

dissipa¬ 

tion 

(typ.mW) 

M5M4V18167CTP-5.-5S 


■a 

m 

10 

90 


M5M4V18167CTP-6.-6S 

iE!M 


mm 

mm 



M5M4V18167CTP-7,-7S 

mm 

mm 

KB 

mm 

BSI 



PIN CONFIGURATION (TOP VIEW) 

Vcc |T 


HVss 

DQi E 


4#]DQ16 

DQa E 


«]DQ15 

DQs E 


iiiDQiA 

DQ4 e 


ElDQis 

Vcc E 


HVss 

DQs E 



DQe E 


El DQi 1 

DQ7 E 


«]DQio 

dq8 E 

S 

!lIdq9 

NC E 

Ul 

s 

12 $ 39 

13 » 38 

14 5 37 

«]NC 

NC E 


36]NC 

NC E 

■0 

^ECAS 

w []Z 


13 USAS 

rase 


EIse 

NC E 


32] A9 

NC E 


3i]A8 

Ao E 


30] A7 

Ai E 


E]A6 

Aa E 


ElAs 

As E 


EIaa 

Vcc E 


ElVss 

, Outline 50P3G-F (400mil TSOP Normal Bend) 

NC:NO CONNECTION 


somep pipeline BURST 


PIN DESCRIPTION 


Pin name 

Function 

Ao~A9 

Address inputs 

DQi~DQi6 

Data inputs / outputs 

RAS 

Row address strobe input 


Upper byte control 

column address strobe input 

rCAE 

Lower byte control 

column address strobe input 

W 

Write control input 


Output enable input 

Vcc 

Power supply (■l■3.3V) 

Vss 

Ground (OV) 
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M5M4V181 67CTP-5,-6,-7,-5S,-6S,-7S 




PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


FUNCTION 

The M5M4V18167CTP provide, in addtion to normai read, write, pipeiine burst mode, RAS oniy refresh. The input conditions for 

and read-modify-write operations, a number of other functions, e.g., each are shown in Table 1. 


Table 1 Input conditions for each mode 


Operation 

Inputs 

Input/Output 

RAS 

Lcas 

UCAS 

W 

OT . 

DQi~DQ8 

DQe~DQi6 

Lower byte read 

ACT 

ACT 

NAC 

NAC 

ACT 

DOUT 

OPN 

Upper byte read 

ACT 

NAC 

ACT 

NAC 

ACT 

OPN 

DOUT 

Word read 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

Lower byte write 

ACT 

ACT 

NAC 

ACT 

NAC 

DIN 

DNC 

Upper byte write 

ACT 

NAC 

ACT 

ACT 

NAC 

DNC 

DIN 

Word write 

ACT 

ACT 

ACT 

ACT 

NAC 

DIN 

DIN 


ACT 

NAC 

NAC 

DNC 

DNC 

OPN 

OPN 

Hidden refresh 

ACT 

ACT 

ACT 

NAC 

ACT 

DOUT 

DOUT 

before MS refresh 

ACT 

ACT 

ACT 

DNC 

DNC 

OPN 

OPN 

Stand-by 

NAC 

DNC 

DNC 

DNC 

DNC 

OPN 

OPN 


Note: ACT: active, NAC: nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 


BLOCK DIAGRAM 

ROW ADDRESS 
STROBE INPUT RS5( 
LOWER BYTE CONTROL rTn^? 
COLUMN ADDRESS LCASV 
STROBE INPUT 

UPPER BYTE CONTROL UftAS ( 
COLUMN ADDRESS^'^" ' 
STROBE INPUT 

WRITE CONTROL m( 
INPUT 


CLOCK GENERATOR 
CIRCUIT 


Vcc (3.3V) 
Vss (OV) 


LOWER DATA 
INPUTS / 
OUTPUTS 


COLUMN DECODER 


ADDRESS INPUTS■ 


I Soc ]Ao~ 

So 


SENSE REFRESH 
AMPUFER SI yO CONTROL 


MEMORY CELL 
(16777216BITS) 


UPPER DATA 
INPUTS / 
OUTPUTS 


W OUTPUT ENABLE 
INPUT 


5 - 442 


A MITSUBISHI 
ELECTRIC 







































































































. This is ® ■ 


MITSUBISHI LSIs 

M5M4V18167CTP-5r6r7r5Sr6S,-7S 


PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 


Burst Address Sequence Table 


—■—..^ 

INTERLEAVE 

LINEAR 

1st 

X..X00 

X..X01 

X..X10 

X..X11 

X..X00 

X..X01 

X..X10 

X..X11 

2nd 

X..X01 

X..X00 

X..X11 

X..X10 

X..X01 

X..X10 

X..X11 

X..X00 

3rd 

X..X10 

X..X11 

X..X00 

X..X01 

X..X10 

X..X11 

X..X00 

X..X01 

4th 

X..X11 

X..X10 

X..X01 

X..XOO 

X..X11 

X..X00 

X..X01 

X..X10 


Burst Address Sequence Set Cycle 




Note 1; Address Table for Burst address sequence setting cycle. 


-— 

As 

As 

A? 

As 

As 

A4 

As 

As 

At 

Ao 

Linear 

X 

X 

L 

L 

H 

L 

L 

L 

L 

L 

Interleave 

X 

X 

L 

L 

H 

L 

L 

L 

L 

H 


2: The burst sequence will remain set untill the device power is interrupted or another Burst address sequence setting cycle. 
3: A RAS only or CBR refresh cycle must follow the Burst address setting cycle to exit the programming mode. 
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M5M4V181 67CTP-5,-6,-7,-5S,-6S,-7S 


some po PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


ABSOLUTE MAXIMUM RATINGS 



Parameter 

Conditions 

Ratings 

Unit 


Supply voltage 

With respect to Vss 

-0.5~4.6 

V 

Vi 

Input voltage 

-0.5~4.6 

V 

Vo 


-0.5~4.6 

V 

lo 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta-25*C 

1000 

mW 

Topr 

Operating temperature 


o 

1 

o 

■c 

Tsio 

Storage temperature 


-66~150 

•c 


RECOMMENDED OPERATING CONDITIONS (Ta-0'-70'C, unless otherwise noted) (Note4) 

Symbol 

Parameter 

Limits 1 

Unit 


Min 



Vcc 

Supply voltage 

3.15 

3.3 

3.6 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

ViH 

High-level input voltage, all inputs 

■QTI 


E2EB 

V 

ViL 

Low-level input voltage, all inputs 



Miini 

V 


Note 4; All voltage values are with respect to Vss. 


ELECTRICAL CHARACTERISTICS {Ta=0~70'C,Vcc-3.15V~3.6V,Vss=0V, unless otherwise noted) (Notes) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 


VOH 

High-level output voltage 

IOH=-2.0mA 

mm 


Vcc 

V 

VOL 

Low-level output voltage 

loL-2.0mA 

0 


0.4 

V 

loz 

Off-state output current 

Q floating 0 V^Vout^3.3V 

-10 


10 

aA 

h 

Input current 

0V^Vin^ 3.6V, Other inputs pins°0V 

-10 


10 

aa 

lcci (AV) 

Average supply current 
from Vcc, operating 

(Note 6,7,8) 

M5M4V18167C-5,-5S 

I5A5, cycling 

tRC=twc=min. 
output open 




mA 

M5M4V18167C-6,-6S 



150 

M5M4V18167C-7.-7S 



130 

|CC2 

Supply current from Vcc, stand-by (Note 8) 

■4ViH, output open 



2 

mA 

CXS^Vcc -0.2 V 




|CC2* 

Supply current from Vcc, stand-by (Note 9) 

RA5= ^Sg^Vcc -0.2 V 




aA 

|CC3(AV) 

Average supply current 
from Vcc. refreshing 

(Note 6,8) 

M5M4V18167C-5,-5S 

RA5 cycling, CAS= Vih 

tRC=min. 

output open 



■QS 

mA 




150 

M5M4V18167C-7,-7S 



130 

|CC4(AV) 

Average supply current 
from Vcc 

Pipeline-Burst-Mode 

(Note 6,7) 

M5M4V18167C-5.-5S 

RXS-Vil, CAS cycling 

tpc=min. 

output open 




mA 

M5M4V18167C-6,-6S 



■B3I 

M5M4V18167C-7.-7S 




|CC6(AV) 

Average supply current 
from Vcc 

CAS before SAS refresh 
mode (Note 6) 

M5M4V18167C-5,-5S 

CAS before RAS refresh cycling 

tHC=min. 

output open 




mA 

M5M4V18167C-6,-6S 




M5M4V18167C-7,-7S 




|CC8(AV) • 

Average supply current from Vcc 
Extended-Refresh-Mode (Note 9) 

RAS cycling CASS0.2V or Ca® before RAS 
refresh cycling 

(W,CS,Ao~A9 S0.2V or ^VCC-0.2V) 
DQ=open,tRC=125/<s,tRAS=tRAS min.~1 fts 

■ 

■ 

300 

aA 

|CC9(AV) * 

Average supply current from Vcc 
Self-Refresh-Mode (Note 9) 

RA5=CA5 S0.2V, output open 

■1 


200 

aA 


Note 5: Current flowing into an 1C is positive, out is negative. 

6: lcci (AV), Icc3 (AV) and Icc4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

7:lcci (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

8: Column Address can be changed once or less while RSg=ViL and lcaS/UCAS=Vih . 

9:An initial pause of 500 ;<s is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containing a RS5 clock such as RR5-Only refresh). 

Note theRT^ may be cycled during the initial pause. And any 8 or^AS/SAS cycles are required after prolonged periods 
(greater than 16.4 ms) ofiPiAS inactivity before proper device operation is achieved. 
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M5M4V18167CTP-5r6,-7r5S,-6S,-7S 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 




CAPACITANCE(Ta=0~70'C, Vcc=3.15V~3.6V, Vss=0V, unless othenwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

12^1 

Cl (A) 

Input capacitance, address inputs 

Vi=Vss 

f=1MHZ 

Vi=25mVrms 



5 

PF 

Cl(CE) 

Input capacitance, input 



7 

PF 

Ci(W) 

Input capacitance, write control input 



7 

pF 

Cl (Nas) 

Input capacitance, HA? input 



7 

pF 

ClfCTTS) 

Input capacitance, Z5AS input 



7 

pF 

Cl/0 

Input/Output capacitance, data ports 



7 

pF 


SWITCHING CHARACTERISTICS(Ta=0~70*C, Vcc=3.15V~3.6V, Vss=0V, unless otherwise noted, see notes 10,11) 





Limits 


Symbol 

Parameter 


M5M4V18167C-5,-5S 

M5M4V18167C-6,-6S 

M6M4V18167C-7,-7S 

Unit 




Min 

Max 

Min 


Min 

Max 


tCAC 

Access time from 

(Note 12) 


10 


11.6 


15 

ns 

tRAC 

Access time from RA5 



50 


60 


70 

ns 

tAA 

Column address access time 

(Note 14) 


25 


30 


35 

ns 

tCPA 

Access time from ^A^ precharge 

■■csssi 


30 


35 


40 

ns 

tOEA 

Access time from OT 


10 


12 


15 

ns 

tOOH 

Data hold time from ^AS Low 

3 


3 


3 


ns 

tOLZ 

Output low impedance time from low 

3 


3 


3 


ns 

tCLZ 

Output low impedance time from ^AS low 

3 


3 


3 


ns 

tOEZ 

Output disable time after high 

(Note 16) 

4 

10 

4 

10 

4 

15 

ns 

tWEZ 

Output disable time after WE low 

(Note 16) 

4 

10 

4 

10 

4 

15 

ns 

tOFF 

Output disable time after high 

(Note 16,17) 

4 

10 

4 

10 

4 

15 

ns 

tREZ 

Output disable time after T1AS high 

(Note 16,17) 

4 

10 

4 

10 

4 

15 

ns 


Note 10; AC Measurments tT=2ns. 

11: AC Characteristics test condition 


(1) Input timing Specification 



.4V/1.4V : Test point 


(2) Output timing Specification 



1.4V/1.4V: Tost point 


(3) Output Load 



Output Q_ 


SOpF I 


3.3V 

1.2kn 

8700 


Note 12: Assumes that tRCO ^tRCD(max) and tASC ^tASC(max) and tcp ^ tCP(max). 

13: Assumes that tRCD;StRCD(max) and tRAD^tRAD(max). If tRCD or tRAO is greater than the maximum recommended vaiue shown in this table, 
tRAC will increase by amount that tRCO exceeds the value shown. 

14: Assumes that tRAD^tRAD(max) and tASC^tASC(max). 

15: Assumes that tcP ^tcp(max) and tASC^tASC(max). 

16: tOEZ (max), tWEZ(max), tOFF(max) and tREZ(max)defines the time at which the output achieves the high impedance state {louTS 1 ± 10 A |) 
and is not reference to VoH(min) or VoL(max). 

17: Output is disabled after both ^7^ and go to high. 
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M5M4V18167CTP-5r6r7r5Sr6Sr7S 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


TIMING REQUIREMENTS (for Read, Write, and Refresh Cycles) 

(Ta-0~70X^, Vcc « 3.15V~3.6V, Vss=0V, unless otherwise noted, See notes 10,11) 


Symbol 

Parameter 

Limits 

Unit 

M5M4Viei67C-S,-5S 

M5M4V18167C-6,-6S 

M5M4V18167C-7,-7S 

Min 

Max 

Min 


MM 

MM 

tRP 

high pulse width 

30 


40 


50 


ns 

tRCD 

Delay time, RA5 low to low (Notel 8) 

18 

25 

20 

31.8 

20, 

40 

ns 

tCRP 

Delay time, high to low 

10 


10 


10 


ns 

tRPC 

Delay time, TPi? high to (!^ low 

5 


5 


5 


ns 

tCPN 

^7^ high pulse width 

10 


10 


10 


ns 

tRAD 

Column address delay time from RA5 low (Notel 9) 

15 

25 

15 

30 

15 

35 

ns 

tASR 

Row address setup time before HAS low 

1.5 


1.5 


1.5 


ns 

tASC 

Column address setup time before low (Note20) 

1.5 


1.5 


1.5 


ns 

tRAH 

Row address hold time after 1^ low 

8.5 


8.5 


8.5 


ns 

tCAH 

Column address hold time after low 

8.5 


8.5 


8.5 


ns 

tDZC 

Delay time, data to ??AS low (Note2l) 

0 


0 


0 


ns 

tDZO 

Delay time, data to ^ low (Note21) 

0 


0 


0 


ns 

tRDD 

Delay time, 'RA5 high to data (Note22) 

13 


15 


20 


ns 

tCDO 

Delay time, ZKS high to data (Note22) 

13 


15 


20 


ns 

tODD 

Delay time, UE high to data (Note22) 

13 


15 


20 


ns 

tRC 

Read cycle time 

90 


110 


130 


ns 

tRAS 

TSAS low pulse width 

50 


60 


70 

KIiM'M 

ns 

tCAS 

UAS low pulse width 

5 

n»r»r»M 

5 


5 


ns 

tRCS 

Read Setup time before ^AS low 

3 


3 


3 


ns 

tRCH 

Read hold time after ^A5 high (Note 23) 

5 


5 


5 


ns 

tRRH 

Read hold time after RA5 high (Note 23) 

10 


10 


10 


ns 

tORH 

HAS hold time after ^ low 

13 


15 


20 


ns 

tOCH 

CA5 hold time after UF low 

13 


15 


20 


ns 

twcs 

Write setup time before ^AS low 

3 


3 


3 


ns 

tWCH 

Write hold time after low 

5 


5 


5 


ns 

tWEP 

Write pulse width 

7 


7 


7 


ns 

tCRW 

CAS Low toRAd High (Required only for Write Cycle) 

15 


15 


15 


ns 

tos 

Data setup time before 'SA? low or W low 

3 


3 


3 


ns 

tDH 

Data hold time after low or W low 

5 


5 


5 


ns 

tr 

Transition time 

1.5 

50 

1.5 

50 

1.5 

50 

ns 

tREF 

Refresh cycle time 


16.4 


16.4 


16.4 

ms 

tREF* 

Refresh cycle time 


128 


128 


128 

ms 


Note 18: tRCD(max) is specified as a reference point oniy. If tRCD is iess than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access 
time is controlied exciusively by tCAC or tAA. 

19: tRAD(max) is specified as a reference point only. If tRAD ^ tRAD(max) and tASC £ tASC(max), access time is controlied exciusively by tAA. 

20: tASC(max) is specified as a reference point oniy. If tRCD ^ tRCD(max) and tASC ^ tASC(max), access time is controlled exclusively by tCAC. 

21: Either tDZC or tozo must be satisfied. 

22: Either tRDD or tCDD or tODO must be satisfied. 

23: Either tRCH or tRRH must be satisfied for a read cycle. 


notice-. ® 
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MITSUBISHI LSIs 

M5M4V18167CTP-5r6r7,-5Sr6S,-7S 


Notice-. subject 1 




PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 


Pipeline Burst Mode Cycle (Read,Read terminated Read,Write,Write terminated Write,Read-Write,Wrlte-Read) (Note 24) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V18167C-5,-5S 

MSM4V18167C-6,-6S 

M5M4V18167C-7,-7S 

Min 

Max 

Min 


Min 

Max 

tPC 

Pipeline Burst EDO Cycle 

15 


■^1 


20 


ns 

tDOH 

Output hold time from low 

3 


3 


3 


ns 

tRAS 

RAS low pulse width for read write cycle (Note25) 

50 


60 


70 


ns 

tCP 

^A5 high pulse width (Note26) 

5 


5 


5 


ns 

tCHOL 

Hold time to maintain the data Hi -Z until access 

7 


7 


7 


ns 

tOEP 

OT Pulse Width 

7 


7 


7 


ns 

tWEP 

W Pulse Width 

7 


7 


7 


ns 

tWET 

W Pulse Width (for Write comand termination) 

7 


7 


7 


ns 

tWLC 


3 


3 


3 


ns 


Note 24: All previously specified timing requirements and switching characteristics are applicabie to their respective Hyper page mode cycle. 
25: tRAS(min) is specified as two cycles of input are performed. 

26: tCP(max) is specified as a reference point only. 


TSXS before Refresh, and WCBR Cycle (Note 27) 


Symbol 

Parameter 

Limits 

Unit 

M5M4V18167C-5,-5S 



Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

^A5 setup time before RA5 low 

10 


10 


10 


ns 

tCHR 

^A5 hold time after RAs low 

15 


15 


15 


ns 

tWRP 

WR setup time before RAg low 

10 


10 


10 


ns 

tWRH 

WP hold time after RAR low 

10 


10 


10 


ns 


Note 27: Eight or more Z5R5 before R/SiS cycles instead of eight RS5 cycles are necessary for proper operation of CAS before RaS refresh mode. 


A MITSUBISHI 
ELECTRIC 


5 - 447 




































































































MfTSUBISHI LSIS 

M5M4V18167CTP-5,-6,-7,-5S,-6S,-7S 


, this is not a finai . 

PIPELINE BURST MODE 16777216-BIT (1048576-WORO BY 16-BIT) DYNAMIC RAM 


Timing Diagrams (Note 28) 
Read Cycie 


LCAS / UCAS 


tCAS . top 


tASC tCAH 


TA 

teAH ^ I 







V 

ROW \ 


f COLUMN \ 

89229! 

^2222295 





ROW 

ADDRESS 


DQi~DQi6 

(INPUTS) 


tRDD 

I 

I tCDD 
L. tODD 



DQi~DQi6 

(OUTPUTS) 


L 

tOFF ^ 

P 



DATA VALID 


Indicates the doni care input. 
^ Indicates the invalid output. 
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DQi Hi-Z 

~DQ16 ---- 

(OUTPUTS) 


SI 
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III III 
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SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S / -6S / -7S. The other characteristics and requirements than the beiow 
are same as normal devices. 


TIMING REQUIREMENTS (Ta=0~70‘C, Vcc=3.15V~3.6V, Vss=0V, uniess otherwise noted See notes 13,14) 


Symbol 

Parameter 

1 Limits 

Unit 

M5M4V18167C-5S 

1 M5M4V18167C-6S 

1 MSM4V18167C-7S 

Min 

Max 

1 Min 

Max 

Min 

Max 

tRASS 

Self Refresh low pulse width 

100 


bei 


100 


)US 

tRPS 

Self Refresh RXS high precharge time 

90 


110 


130 


ns 

tCHS 

Self Refresh RAS hold time 

-50 


-50 


-50 


ns 


SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The lEist / first fuli refresh cycies (1K) must be made within tNs / before / after seif refresh, on the condition of tNs^ 16.4 ms and 
tsN^16.4ms. 




DiSTRiBUTED REFRESH 
< 1K / 16.4 ms > 


DiSTRiBUTED REFRESH 
< IK/16.4 ms > 


(2) In case of burst refresh 

The iast / first full refresh cycles (1K) must be made within tNs / tsN before / after self refresh, on the condition of tNs + tsN ^ 16.4 ms. 


tNS 

^ 


tSN 


BURST REFRESH 
< 1K /16.4ms > 


BURST REFRESH 
< 1K /16.4 ms > 
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16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 


DESCRIPTION 

The M5M4S16S31CTP is a 2-bank x 1048576-worcl by 8-bit 
Synchronous DRAM, with SSTL** interface. Ail inputs and out 
puts are referenced to the rising edge of CLK. The 
M5M4S16S31CTP realizes very high speed data transfer using 
2-word parallel operation and small signal interface. 

*1 SSTL: Stub Series Terminated Logic 


FEATURES 


Type name 

Max. 

CLK 

frequency 

access time 

M5M4S16S31CTP-7 

150MHz 

5ns 

M5M4S16S31CTP-8 

125MHz 

6ns 

M5M4S16S31CTP-10 

100MHz 

8ns 


• Single 3.3V±0.3V power supply 

• Clock frequency 150MHz / 125MHz / 100MHz 

• Fully synchronous operation referenced to clock rising edge 

• Dual bank operation controlled by BA (Bank Address) 

• CAS latency-1/2/3/4 (programmable) 

• Burst length-1/2/4/8 (programmable) 

• Burst type-sequential / interleave (programmable) 

• Column access-2N-rule 

• Auto precharge / All bank precharge controlled by Aio 

• Auto refresh and Self refresh 

• 4096 refresh cycles / 64ms 

• SSTL Interface 

•300-mil, 44-pin Thin Small Outline Package (TSOPII) with 0.8mm 
lead pitch 


PIN CONFIGURATION (TOP VIEW) 

Vdd DI 


44 ] Vss 

DQo U 


^ DQ7 

VssQ [Z 


iU VssQ 

DQi [T 


43 DQe 

VddQ U 


4^ VddQ 

DQ2 [T 


39 ] DOS 

VssQ [T 


ill VssQ 

DQ3 [7 


37 ] DQ4 

VddQ [T 

s 

VI 

iE VddQ 

NC E 

s 

IE Vref 

NC [7 

OT 

34] NC 

WE E 

w 

CO 

^ DQM 

E 

o 

U CLK 

RAS E 

H 

■D 

IE CKE 

cs E 


IE NC 

BA E 


A9 

Aio E 


m As 

AO E 


A7 

A1 E 


IE As 

A2 E 


m As 

A3 [ST 


13 A4 

Vdd E! 


IE VSS 

Outline 44P3L-B (300mil TSOP) 

NC: NO CONNECTION 


APPLICATION 

Main memory unit for computers, Microcomputer memory. 
Refresh memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

CLK 

Master clock 

CKE 

Clock enable 

CS 

Chip select 

RAS 

Row address strobe 

CAS 

Column address strobe 

WE 

Write enable 

DQo~7 

Data I/O 

DQM 

Output disable/write mask 

Ao-io 

Address input 

BA 

Bank address 

Vref 

Input reference voltage 

Vdd 

Power supply 

VddQ 

Power supply for output 

Vss 

Ground 

VssQ 

Ground for output 
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16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 


BASIC FUNCTIONS 

The M5M4S16S31CTP provides basic functions, bank (row) 
activate, burst read / write, bank (row) precharge, and auto / self 

refresh. _ _ 

Each command is defined by control signals of RAS, CAS and 
WE at CLK rising edge. In addition to 3 signals, CS ,CKE and Aio 
are used as chip select, refresh option, and precharge option, 
respectively. 

To know the detailed definition of commands, please see the 


command truth table. 



CLK _rLrL 

n 


CS i. \ i. 

' ' Chip Select: L=select, H=deselect 

R^ rrri—r 

1 Command ^ 


1 1 1 

1 Command 

define basic commands 

^ 1 1 1 

i Command 



— / 

CKE 1 1 1 

1 Refresh Option ©refresh command 

Aio 1_ \ _L 

1 Precharge Option ©precharge or read/write command 

Activate (ACT) c RAS=L, C^=WE=H3 




ACT command activates a row in an idle bank indicated by BA. 

Read (READ) [R^=H, C^=L,^=H] 

READ command starts burst read fro m the active bank indicated 
by BA. First output data appears after CAS latency. When Aio=H 
at this command, the bank is deactivated after the burst read 
(auto-precharge, READ A). 


Write (WRITE) [ RAS=H, CAS=WE=L] 

WRITE command starts burst write to the active bank indicated by 
BA. Total data length to be written is set by burst length. When 
Aio=H at this command, the bank is deactivated after the burst 
write (auto-precharge, WRITE A). 

Precharge (PRE) [ ^=L, ^=H, WE=L] 

PRE command deactivates the active bank indicated by BA. This 
command also terminates burst read / write operation. When Aio 
=H at this command, both banks are deactivated (precharge all, 

PRE A) 


Auto-Refresh (REFA) [RAS=CAS=L, WE=CKE=H] 

REF A command starts auto-refresh cycle. Refresh address 
including bank address are generated internally. After this 
command, the banks are precharged automatically. 
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COMMAND TRUTH TABLE 


Command 

Mnemonic 

CKE 

n-1 

CKE 

n 

CS 

RAS 

CAS 

WE 

BA 

Alo 

Ao~9 

Deselect 

DESEL 

H 

X 

H 

X 

X 

X 

X 

X 

X 

No Operation 

NOP 

H 

X 

L 

H 

H 

H 

X 

X 

X 

Row Address Entry & 

Bank Activate 

ACT 

H 

D 

n 

B 

H 

H 

V 

V 

V 

Single Bank Precharge 

PRE 

H 

X 

L 

L 

H 

L 

V 

L 

X 

Precharge All Banks 

PREA 

H 

X 

L 

L 

H 

L 

V 

H 

X 

msssmamsmm 

WRITE 

H 

X 

L 

H 

L 

L 

V 

L 

V 

Column Address Entry & Write 
with Auto-Precharge 

WRITEA 

H 

D 

B 

H 

B 

B 

V 

H 

V 

Column Address Entry & Read 

READ 

H 

X 

L 

H 

L 

H 

V 

L 

V 

Column Address Entry & Read 
with Auto-Precharge 

READA 

H 

a 

B 

H 

B 

H 

V 

H 

V 

Auto-Refresh 

REFA 

H 

H 

L 

L 

L 

H 

X 

X 

X 

Self-Refresh Entry 

REFS 

H 

L 

L 

L 

L 

H 

X 

X 

X 

Self-Refresh Exit 

REFSX 

L 

H 

H 

X 

X 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

X 

X 

X 

Burst Terminate 

TERM 

H 

X 

L 

H 

H 

L 

X 

X 

X 

Mode Register Set 

MRS 

H 

X 

L 

L 

L 

L 

L 

L 

V*1 


H=High Level, L=Low Level, V=Vallcl, X=Don‘t Care, n=CLK cycle number 
Note 1. A7~A9 =0, Ao~A 6 =Mode Address 
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Some 16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 



Current state 


IDLE 



BA 


BA, CA, Aio 


H BA,RA 


BA, Aio 


X 


Op-Code, 

Mode-Add 


Command 


DESEL 


NOP 


TBST 


READ/WRITE 


ACT 


PRE/PREA 


REFA 



Action 


NOP 


NOP 


ILLEGAL *2 


ILLEGAL « 2 


Bank Active, Latch RA 


NOP*4 


Auto-Refresh *5 


Mode Register Set *5 


NOP 


NOP 


NOP 


Begin Read, Latch CA, 
Determine Auto-Precharqe 


Begin Write, Latch CA, 
Determine Auto-Precharge 


Bank Active / ILLEGAL * 2 


Precharge / Precharge All 


ILLEGAL 


NOP (Continue Burst to END) 


NOP (Continue Burst to END 


Terminate Burst 


Terminate Burst, Latch CA, 
Bigin New Read, Determine 
Auto-Precharae*3 


Terminate Burst, Latch CA, 
WRITE / WRITEA Begin Write, Determine Auto- 
Precharge *3 


Bank Active / ILLEGAL *2 


Terminate Burst, Precharge 


ILLEGAL 


NOP (Continue Burst to END 


NOP (Continue Burst to END) 


Terminate Burst 


Terminate Burst, Latch CA, 
Bigin Read, Determine Auto- 
Precharge *3 


Terminate Burst, Latch CA, 
WRITE / WRITEA Begin Write, Determine Auto- 
Precharge *3 


Bank Active / ILLEGAL *2 


Terminate Burst, Precharge 


ILLEGAL 
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FUNCTION TRUTH TABLE (Cont.) 


Current state 


READ with 
AUTO 

PRECHARGE 



WRITE with 
AUTO 

PRECHARGE 


PRECHARGING 


ROW 

ACTIVATING 


WRITE 

RECOVERING 


Op-Code, 

Mode-Add 


Op-Code, 

Mode-Add 


BA 


BA, CA, Aio 


BA, RA 


BA, Aio 


Op-Code, 

Mode-Add 


Command Action 


DESEL NOP (Continue Burst to END) 


NOP NOP (Continue Burst to END) 


TBST ILLEGAL 


READ/READA ILLEGAL 


WRITE / WRITEA ILLEGAL 



PRE/PREA 


REFA 


Bank Active / ILLEGAL ♦ 2 


ILLEGAL *2 


ILLEGAL 



DESEL NOP (Continue Burst to END 


NOP NOP (Continue Burst to END 


TBST ILLEGAL 


READ/READA ILLEGAL 


WRITE/WRITEA ILLEGAL 


ACT 


PRE/PREA 


REFA 


Bank Active / ILLEGAL *2 


ILLEGAL *2 


ILLEGAL 





DESEL 


NOP 


TBST 


READ/WRITE 


ACT 


PRE / PREA 


REFA 


DESEL 


NOP 


TBST 


READ/WRITE 


ACT 


PRE/PREA 


REFA 


NOP (Idle after tRP 


ILLEGAL *2 


ILLEGAL *2 


ILLEGAL *2 


NOP*4 (Idle after tRP 


ILLEGAL 



NOP (Row Active after tRCO) 


NOP (Row Active after tRCD 


ILLEGAL *2 


ILLEGAL *2 


ILLEGAL *2 


ILLEGAL *2 


ILLEGAL 


Op-Code, 

Mode-Add 



Op-Code, 

Mode-Add 
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FUNCTION TRUTH TABLE (Cont.) 


Current state 





Address 

Command 

Action 

REFRESHING 

H 

X 

X 

X 

X 

DESEL 

NOP (Idle after tRc) 

L 

H 

H 

H 

X 

NOP 

NOP (Idle after tRcl 

L 

H 

H 

L 

BA 

TBST 

ILLEGAL 

L 

H 

L 

X 

BA, CA, Aio 

READ/WRITE 

ILLEGAL 

L 

L 

H 

H 

BA. RA 

ACT 

ILLEGAL 

L 

L 

H 

L 

BA, Aio 

PRE/PREA 

ILLEGAL 

L 

L 

L 

H 

X 

REFA 

ILLEGAL 

D 

D 

D 

B 

Op-Code, 

Mode-Add 

MRS 

ILLEGAL 

MODE 

REGISTER 

SETTING 

H 

X 

X 

X 

X 

DESEL 

NOP (Idle after tRsc) 

L 

H 

H 

H 

X 

NOP 

NOP (Idle after tRSc) 

L 

H 

H 

L 

BA 

TBST 

ILLEGAL 

L 

H 

L 

X 

BA, CA, Aio 

READ/WRITE 

ILLEGAL 

L 

L 

H 

H 

BA. RA 

ACT 

ILLEGAL 

L 

L 

H 

L ■ 

BA, Aio 

PRE/PREA 

ILLEGAL 

L 

L 

L 

H 

X 

REFA 

ILLEGAL 

D 

B 

B 

B 

Op-Code, 

Mode-Add 

MRS 

ILLEGAL 


ABBREVIATIONS : H=High Level, L=Low Level, X=Don1 Care 

BA=Bank Address, RA=Row Address, CA=Column Address, NOP=No Operation 


Note 1 . All entries assume that CKE was High during the preceding clock cycle and the current clock cycle. 

2. ILLEGAL to bank In specified state; function may be legal In the bank indicated by BA, depending on the state of that bank. 

3. Must satisfy the ■2n-rule‘, bus contention, bus turn around, write recovery requirements. 

4. NOP to bank precharging or In Idle state. May precharge bank Indicated by BA. 

5. ILLEGAL if any bank Is not Idle. 

ILLEGAL = Device operation and/or data-integrity are not guaranteed. 
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16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 


FUNCTION TRUTH TABLE for CKE 


Current state 

CKE 

n-1 

CKE 

n 

CS 

RAS 

CAS 

WE 

Add 

Action 

SELF¬ 
REFRESH *1 

H 

X 

X 

X 

X 

X 

X 

INVALID 

L 

H 

H 

X 

X 

X 

X 

Exit Self-Refresh (Idle after tRC) 

L 

H 

L 

H 

H 

H 

X 


L 

H 

L 

H 

H 

L 

X 

ILLEGAL 

L 

H 

L 

H 

L 

X 

X 

ILLEGAL 

L 

H 

L 

L 

X 

X 

X 

ILLEGAL 

L 

L 

X 

X 

X 

X 

X 

NOP (Maintain Self-Refresh) 

POWER DOWN 

H 

X 

X 

X 

X 

X 

X 

INVALID 

L 

H 

X 

X 

X 

X 

X 

Exit Power Down to Idle 

L 

L 

X 

X 

X 

X 

X 

NOP (Maintain Self^Refresh) 

ALL BANKS 
IDLE*2 

H 

H 

X 

X 

X 

X 

X 

Refer to Function Truth Table 

H 

L 

L 

L 

L 

H 

X 

Enter Self-Refresh 

H 

L 

H 

X 

X 

X 

X 

Enter Power Down 

H 

L 

L 

H 

H 

H 

X 

Enter Power Down 

H 

L 

L 

H 

H 

L 

X 

ILLEGAL 

H 

L 

L 

H 

L 

X 

X 

ILLEGAL 

H 

L 

L 

L 

X 

X 

X 

ILLEGAL 

L 

X 

X 

X 

X 

X 

X 

Refer to Current State =Power Down 

ANY STATE 
other than 
listed above 

H 

H 

X 

X 

X 

X 

X 

Refer to Function Truth Table 

H 

L 

X 

X 

X 

X 

X 

Begin CLK Suspend at Next Cycle *3 

L 

H 

X 

X 

X 

X 

X 

Exit CLK Suspend at Next Cycle *3 

L 

L 

X 

X 

X 

X 

X 

Maintain CLK Suspend 


ABBREVIATIONS ; H=Hlgh Level, L=Low Level, X=Dont Care 


Note 1. CKE Low to High transition will re-enable CLK and other inputs asynchronously. A minimum setup time must be satisfied before any command other 
than EXIT. 

2. Power-Down and Self-Refresh can be entered only from the All Banks Idle State. 

3. Must be legal command. 
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SIMPLIFIED STATE DIAGRAM 



A MITSUBISHI 
ELECTRIC 


6-12 




MITSUBISHI LSIs 



M5M4S16S31 CTP-7,-8,-10 


" emits 

16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 


^f^tpatarnelric 


POWER ON SEQUENCE 

Before starting normal operation, the following power on sequence 
is necessary to prevent a SDRAM from damaged or 
malfunctioning. 


1. Apply power and start clock. Attempt to maintain CKE high, 
DQM high and NOP condition at the inputs. 

2. Maintain stable power, stable clock, and NOP input conditions 
for a minimum of SOOps. 

3. Issue precharge commands for all banks. (PRE or PREA) 

4. After all banks become idle state (after tnp), issue 8 or more 
auto-refresh commands. 

5. Issue a mode register set command to initialize the mode 
register. 

After these sequence, the SDRAM is idle state and ready for 

normal operation. 


MODE REGISTER _ 

Burst Length, Burst Type and CAS Latency can be programmed 
by setting the mode register (MRS). The mode register stores 
these data until the next MRS command, which may be issued 
when both banks are in idle state. After tRsc from a MRS 
command, the SDRAM is ready for new command. 


CLK 
















BA 

AIO 

A9 

As 

A7 

As 

AS 

A4 

A3 

A2 

Al 

AO 

RAS 1 1_ \ 1 


0 

B 

B 

0 

0 

LTMODE 

BT 

BL 


WE t i I 1 

BA, Aio ~Ao t j V t I 



BL 

o 

II 

03 


000 

1 

1 


00 1 

2 

2 

BURST 

LENGTH 

0 1 0 

4 

4 

0 1 1 

8 

8 

1 00 

R 

R 


1 0 1 

R 

R 


1 1 0 

R 

R 


111 

R 

R 



CL 

CAS LATENCY 


000 

R 


001 

1 

LATENCY 

MODE 

0 1 0 

2 

01 1 

3 

100 

4 


101 

R 


1 1 0 

R 


111 

R 


R: Reserved for Future Use 





BURST 

0 

SEQUENTIAL 

TYPE 

1 

INTERLEAVED 
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16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 


OPERATIONAL DESCRIPTION 


BANK ACTIVATE 

The SDRAM has two independent banks. Each bank is activated 
by the ACT command with the bank address (BA). A row is 
indicated by the row address Aio~o. The minimum activation 

intervai between one bank and the other bank is tRRO. 


PRECHARGE 

The PRE command deactivates the bank indicated by BA. When 
both banks are active, the precharge all command (PREA, PRE+ 
Aio=H) is available to deactivate them at the same time. After tRP 
from the precharge, an ACT command can be issued. 


Bank Activation and Precharge All (BL=4, CL=3) 



ESI ESI 

READ 


i :◄ — ^ 

i\ 1 tRAs : 

-►! i 

Ao ~9 Xa Xb 

^1 .. 

Xb 

*’ 1 1 1 ^ 1 
i ; 



Aio \ 1 Xa j Xb 

0 1 

] 1 1 Xb j 

i i i i i i i : i i I i i 


-1 — .1.i’<.1. 



DQ 


QaO Qa1 Qa2 Qa3 


Precharge all 


READ 

After tRCD from the bank activation, a RE AD c ommand can be 
issued. 1st output data is avaiiabie after the CAS Latency from the 
READ, foliowed by (BL-1) consecutive data when the Burst Length 
is BL. The start address is specified by Aa-o (x8) / A9~o (x 4), and 
the address sequence of burst data is defined by the Burst Type. A 
READ command may be applied to any active bank, so the row 
precharge time (tRP) can be hidden behind continuous output data 
(in case of BL=8) by interleaving the duai banks. When Aio is high 
at a READ command, the auto-precharge (READA) is performed. 
Any command (READ, WRiTE, PRE, ACT) to the same bank is 
inhibited till the Internal precharg e is complete. The internal 
precharge start timing depends on CAS Latency. The next ACT 
command can be issued after tRP from the internal precharge 
timing. 
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Dual Bank Interleaving READ (BL=4, CL=3) 


Command 


Ao~9 


Aio 


BA 


DQ 



READ with Auto-Precharge (BL=4, CL=3) 




■H 

: : ircd i : : i i. i tpp i i 

j 


1 

1 

1 

i i i i I \ i i i i i i i 

1 

1 

j 

1 

.j 

- 1 - 1 - 1 - 1 -- — 1 - 1 - ^- 1 1 1 - 1 - 1 - 1 - 






Internal precharge begins 


READ Auto-Precharge Timing (BL=4) 


-TirLrLruxnxu^LjTrL^^ 



6-16 


A MITSUBISHI 
ELECTRIC 



























































PRELIM'N^?!. 


MITSUBISHI LSIs 

M5M4S16S31 CTP-7,-8,-10 


. not a to change- 

some pa ^ 6777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 


WRITE 

After tRCD from the bank activation, a WRiTE command can be 
issued. 1st input data is set at the same cycie as the WRITE. 
Following (BL-1) data are written into the RAM, when the Burst 
Length is BL. The start address is specified by A8~o (x8) / A9~o 
{x4), and the address sequence of burst data is defined by the 
Burst Type. A WRITE command may be applied to any active 
bank, so the row precharge time (tRP) can be hidden behind 
continuous input data (in case of BL=8) by interleaving the dual 
banks. From the last input data to the PRE command, the write 
recovery time (Iwr) is required. When Aio is high at a WRITE 
command, the auto-precharge (WRITEA) is performed. Any 
command (READ, WRITE, PRE, ACT) to the same bank is 
inhibited till the internal precharge is complete. The internal 
precharge begins at twR after the last input data cycle. The next 
ACT command can be issued after tRP from the internal precharge 
timing. 


Dual Bank Interleaving WRITE (BL=4) 



Command j act | Write act | j Write PRE 

■a 

: L I tRCD I .i i. ! tRCD ! J i i 1 ! 

1 -1-1-P) -1-1-PI 1 I I 1 


Xa Y Xb 1 1 Y 


L—J™—^ ^ ■ ; 


I Xa 

0 Xb I I 0 0 


i i i i i i : i i i i I i 


BA 0 

L_o_ lIi_ M 0 

. i .I 



DQ 

DaO Dal Da2 Da3 | DbO Db1 Db2 

Db3 { 



Burst length 


WRITE with Auto-Precharge (BL=:4) 



Internal precharge begins 
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BURST INTERRUPTION 
C Read Interrupted by Read] 

Burst read operation can be interrupted by new read of the same 
or the other bank. As M5M4S16S31CTP/ M5M4S16S21CTP adopt 
2-words parallel transfer architecture to realize very high speed 
data rate, JEDEC 2n-rule is required, where 2, 4 or 6 read to read 
interval is allowed in case of BL=8. 


Read Interrupted by Read (BL=8, CL=3) 


Command 


A0~9 


Alo 


BA 


DQ 



[Read Interrupted by Write] 

Burst read operation can be interrupted by write of the same or the 
other bank. JEDEC 2n-rule also must be kept here. In this case, 
the DQ should be controlled adequately by using the DQM to 
prevent the bus contention. The output is disabled automatically 2 
cycles after WRITE assertion. 

Read Interrupted by Write (BL=8, CL=3) 


CLK 

Command 

Ao~9 

Aio 

BA 

DQM 

Q 





-M- 


DQM control 


Write control 
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[ Read Interrupted by Prechargej 

Burst read operation can be interrupted by precharge of the same 
bank. JEDEC 2n-rule aiso must be kept here . A P RE command 
disables the data output, depending on the CAS Latency. The 
figure below shows when the dataout is terminated. 

Read Interrupted by Precharge (BL=4) 

CLK _n_h_h. 


Command 


Command 


QO Q1 Q2 Q3 


Command 


1 READ 1 1 

PRE { 





1 

1 

t 

; L 


QO Q1 02 Q3 


Command 



Command 



1 ! , 

__LJk 

1 QO 1 

ESI 

Q2 

lEB 


Command t . Iread I. 
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(Write Interrupted by Write] 

Burst write operation can be interrupted by new write of the same 
or the other bank. JEDEC 2n-ruie aiso must be kept. 2, 4 or 6 write 
to write interval is allowed in case of BL=8. 


Write Interrupted by Write (BL=8) 



(Write Interrupted by Read] 

Burst write operation can be interrupted by read of the same or the 
other bank. JEDEC 2n-rule also must be kept here. The input data 
on DQ at the interrupting READ cycle is “don't care". 


Write Interrupted by Read (BL=8, CL=3) 


-TLTmrLTirLrmjixu^^ 
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[Write Interrupted by Precharge] 

Burst write operation can be interrupted by precharge of the same 
bank. JEDEC 2n-rule also must be kept here. Because the write 
recovery time (twR) is required between the last input data and the 
next PRE, 4th data should be masked with DQM shown as below. 


Write Interrupted by Precharge (BL=8) 


CLK 

jriij'ijaTui-rLn-r^^ 

Command 

1.1 i 

PRE 1 

act 1 1 


i i ! i. tWR 

M 1 ‘f’'’ i 


A0~9 

1 1 Yi 1 . 


Xb 1 ' 1 



! ; ! 

i i i i : i 

Aio 

1' 1 H ^ 

0 1 

Xb 1 1 



0 


0 

. ' 

D 

i 

1 

1 

" ' 1 

1 ' 1 1 

r 

— 

L 

I-1 I 

I 1-1-1-i-i- 

1 1 1 1 1 

>1111 

■ till 

■ till 



[T 


1 Dai 1 I 

Dai2 



I_ 


1 1 1 1 1 

i 1 t 1 1 

t 1 1 1 1 



-i 

h 

I 


1 1 1 1 1 

1 1 1 1 1 


This data should be masked to satisfy tWR requirement. 


[Write Interrupted by Burst Terminate] 

Burst terminate command can terminate burst write operation. In 
this case, the write recovery time is not required and the bank 
remains active. The figure below shows the case 4 words of data 
are written. JEDEC 2n-rule also must be kept here. 


Write Interrupted by Burst Terminate (BL=8) 


CLK 


Command 


Ao~9 


Aio 


BA 

DQM 

DQ 
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16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 


AUTO REFRESH 

Singl e cycle of auto-refresh Is initiated with a REFA (CS=RAS= 
CAS=L, WE=CKE=H) command. The refresh address is generated 
internally. 4096 REFA cycles within 64ms refresh 16Mbit memory 
cells. The auto-refresh is performed on each bank alternately 
(ping-pong refresh). Before performing an auto-refresh, both banks 
must be in the idle state. Additional commands must not be 
supplied to the device before tnc from the REFA command. 


Auto-Refresh 


CLK 

CS 

RAS 

WE 

CKE 


Ao~io 


BA 




Auto refresh on bank 0 


Auto refresh on bank 1 
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(2-BANK X 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 


SELF REFRESH 

Self- r efres h m ode is entered by issuing a REFS command (CS= 
RAS=CAS=L, WE=H, CKE=L). Once the self-refresh is initiated, it 
is maintained as long as CKE is kept low. During the self-refresh 
mode, CKE is asynchronous and the oniy enabled input (but 
asynchronous), all other inputs including CLK are disabled and 
ignored, and power consumption due to synchronous inputs is 
saved. To exit the self-refresh, supplying stable CLK inputs, 
asserting DESEL or NOP command and then asserting CKE 
(REFSX). After tRC from REFSX both banks are in the idle state 
and a new command can be issued after tRC, but DESEL or NOP 
commands must be asserted till then. 


Notice- '*„ic iimrts ate sw 

Sotoe patame 1677721 ( 


Self-Refresh 
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CLK SUSPEND 

CKE controls the internal CLK at the following cycle. Figure below 
shows how CKE works. By negating CKE, the next internal CLK is 
suspended. The purpose of CLK suspend is power down, output 
suspend or input suspend. CKE is a synchronous input except 
during the self-refresh mode. CLK suspend can be performed 
either when the banks are active or idle, but a command at the 
following cycle is ignored. 


ext.CLK 


CKE 


int.CLK 



Power Down by CKE 


CLK 


“LpL 

ri4n4innrun-rL^_rLrLn 

CKE 



: ; - i -i-i-i-i— 

1_;_;_j_j_1_;_;_ 

n i 1 

Command 

C 

PRE 

1 NOP NOP NOP NOP NOP NOP 

NOP 1 1 




1 1 1 1 1 1 1 lilt 

1 1 1 1 1 1 1 till 

1 1 1 1 ' < > III 1 

....i.. 1 ! ! Active power down ! ,-!-!-!- 

CKE 



i u_i i i i i 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

n i i 

1 1 1 

1 1 1 

Command 

c 

ACT 

NOP NOP NOP NOP NOP NOP 

NOP 1 j 


DQ Suspend by CKE 


CLK 

CKE 

Command 


DQ 


-j 

“M 

ru 

ru 

~u 

nj 

ru 

Tj 

14 

“LTLi 

u 

n. 

rM 

n 

1 

■ 

B 

a 






■S 

a 




L_ 


1 

■ 

■■ 

m 

■ 

■ 

i 

1 

!■ 

H 

■ 



1 1 L/ 1 1 1 1 



1 1 W 1 

1 \d£. 1 1 


A MITSUBISHI 
ELECTRIC 


6-25 




































MITSUBISHI LSIS 




M5M4S16S31 CTP-7r8,-10 


* Th«isnotaf'-te1ub«ot 


16777216-BIT (2-BANK X 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 


DQM CONTROL 

DQM is a dual function signal defined as the data mask for writes 
and the output disable for reads. During writes, DQM masks input 
data word by word. DQM to write mask latency is 0. During reads, 
DQM forces output to Hi-Z word by word. DQM to output Hi-Z 
latency is 2. 


DQM Function 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 

Conditions I 

Ratings 

Unit 

Vdd 

Supply voltage 


-0.5~4.6 

V 

VddQ 

Supply voltage for output 

With respect to VssQ 

-0.5~4.6 

V 

Vi 

Input voltage 

With respect to Vss 

-0.5~4.6 

V 

Vo 

Output voltage 

With respect to VssQ 

-0.5~4.6 

V 

1 o 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25 *0 

1000 

mW 

Topr 

Operating temperature 


o 

1 

o 

•c 

Tslg 

Storage temperature 


1 -65~150 1 

•c 




Som«P*s® 16777216 


RECOMMENDED OPERATING CONDITIONS (Ta=0~70'C, unless otherwise noted) 


Symbol 

Parameter 

Limits 

Unit 

Min 



Vdd 

Supply voltage 

3.0 

3.3 

3.6 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

VddQ 

Supply voltage for output 

3.0 

3.3 

3.6 

V 

VssQ 

Supply voltage for output 

0 

0 

0 

V 

Vref 

Input reference voltage 

1.3 

1.5 

1.7 

V 

VIH 

High-level input voltage, all inputs 




V 

VIL 

Low-level input voltage, all inputs 

-0.3 


VREFK).4 

V 

Vtt 

Termination voltage 




V 


CAPACITANCE (Ta=0~70'’C, Vdd=VddQ=3.3±0.3V, Vss=VssQ=OV, Vref=0.45XVddQ, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits I 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, address pin 

Vi=Vss 

f=1MHz 

Vi=25mVrms 



5 

PF 

Ci(C) 

Input capacitance, control pin 



5 

PF 

Cl (K) 

Input capacitance, CLK pin 



5 

pF 

Cl/0 

Input capacitance, I/O pin 



7 

PF 


AVERAGE SUPPLY CURRENT from Voo (Ta=0~70°C, Vdd=VddQ=3.3±0.3V, Vss=VssQ=OV, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

M5M4S16S31CTP 

1 -7 1 

-8 1 

-10 



Max 

Iccis 

Operating current, single bank 

tRC=min, tCLK=min, BL=1, CL=3 or 4 

1 155 1 

140 

115 

mA 

Iccid 

Operating current, dual bank 

tRC=min, tCLK=min, BL=1, CL=3 or 4 


205 

170 

mA 

ICC2h 

Stand-by current, CKE=H 

Both banks idle, tCLK=min, CKE=H 

1 65 1 

60 

50 

mA 

local 

Stand-bv current. CKE=L 

Both banks idle, tCLK=min, CKE=L 

msm 

9 

7 

mA 

|CC3 

Active stand-by current 

Both banks active, tcLK=min, CKE=H 

95 

80 

65 

mA 

|CC4 

Burst current 

tCLK=min, BL=4, CL=3 or 4,1 bank idle 

120 

100 

80 

mA 

Ices 

Auto-refresh current 

tRC=min, tCLK=min 

140 

125 

105 

mA 

ICC6 

Self-refresh current 


8 

8 

8 

mA 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Ta=0-70°C, Vdd=VddQ=3.3±0.3V, Vss=VssQ=OV, Vtt=0.45XVddQ, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Max 

VOH(DC) 

High-level output voltage (DC) 

IOH=16mA 

Vtt+0.8 


V 

VOL(DC) 

Low-level output voltage (DC) 

IOL=16mA 


Vtt-0.8 

V 

loz 

Off-state output current 

Q floating Vo=0 ~ VddQ 

-10 

10 

HA 

ll 

Input current 

ViH = 0 ~ VddQ+0.3V 

-10 

10 

oA 
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AC TIMING REQUIREMENTS (Ta=0~70°C, Vdd=VddQ=3.3±0.3V. Vss=VssQ=OV, Vref=0.45X VddQ, unless otherwise noted) 


Input pulse levels -Vref±0.4V 

Input timing meiasurement level -Vref 


Symbol 

Parameter 

Limits 

Unit 

M5M4S16S31CTP-7 

M5M4S16S31CTP-8 

M5M4S16S31CTP-10 

Min 


Min 

Max 

Min 


tCLK 

CLK cycle time 

CL=1 

27 


28 


30 


ns 

CL=2 

13.5 


14 


15 


ns 

CL=3 

9 


9.5 


10 


ns 

CL=4 

mm 


8 


10 


ns 

tCH 

CLK high pulse width 

mnm 


3 


4 


ns 

tCL 

CLK low pulse width 

2.5 


3 


4 


ns 

tr 

Transition time of CLK 

1 

10 

1 

10 

1 

10 

ns 

tis 

Input setup time (all inputs) 

1.5 


1.5 


2 


ns 

tIH 

Input hold time (all inputs) 

0.5 


1 


1 


ns 

tRC 

Row cycle time 

80 


90 


100 


ns 

tRCD 

Row to column delay 

21 


24 


30 


ns 

tRAS 

Row active time 

50 


55 


60 


ns 

tRP 

Row precharge time 

28 


32 


40 


ns 

tWR 

Write recovery time 

14 


16 




ns 

tRRD 

Act to act delay time 

21 


24 


30 


ns 

tRSC 

Mode register set cycle time 

14 


16 


20 


ns 

tPDE 

Power down exit time 

7 


8 


10 


ns 

tREF 

Refresh interval time 







ms 



Any AC timing Is referenced 
to the input signal crossing 
through the VREF level. 
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SWITCHING CHARACTERISTICS (Ta=0~70'>C, Vdd=VddQ=3.3±0.3V, Vss=VssQ=OV, unless otherwise noted) 
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DESCRIPTION 

The M5M4S16S21CTP is a 2-bank x 2097152-word by 4-bit 
Synchronous DRAM, with SSTL** interface. Aii inputs and out 
puts are referenced to the rising edge of CLK. The 
M5M4S16S21CTP realizes very high speed data transfer using 
2-word paraliel operation and smaii signai interface. 

* 1 SSTL: stub Series Terminated Logic 


FEATURES 


Type name 

Max. 

frequency 

CLK 

access time 

M5M4S16S21CTP-7 

150MHz 

5ns 

M5M4S16S21CTP-8 

125MHz 

6ns 

M5M4S16S21CTP-10 

100MHz 

8ns 


• Singie 3.3V±0.3V power suppiy 

• Ciock frequency 150Mi-iz /125MHz /10OMHz 

• Fuiiy synchronous operation referenced to ciock rising edge 

• Duai bank operation controlied by BA (Bank Address) 

• CAS iatency-1/2/3/4 (programmabie) 

• Burst length-1/2/4/8 (programmable) 

• Burst type-sequential / interleave (programmable) 

• Column access-2N-rule 

• Auto precharge / All bank precharge controlled by Aio 

• Auto refresh and Self refresh 

• 4096 refresh cycles / 64ms 

• SSTL Interface 

•300-mil, 44-pin Thin Small Outline Package (TSOPII) with 0.8mm 
lead pitch 

APPLICATION 

Main memory unit for computers. Microcomputer memory. 

Refresh memory for CRT 


PIN DESCRIPTION 


Pin name 

Function 

CLK 

Master clock 

CKE 

Clock enable 

CS 

Chip select 

R^ 

Row address strobe 

GAS 

Column address strobe 

WE 

Write enable 

DQo~3 

Data I/O 

DQM 

Output disable/write mask 

Ao~io 

Address input 

BA 

Bank address 

Vref 

Input reference voltage 

Vdd 

Power supply 

VddQ 

Power supply for output 

Vss 

Ground 

VssQ 

Ground for output 


PIN CONFIGURATION (TOP VIEW) 

Vdd [T 


3 Vss 

NC E 


i] NC 

VssQ E 


^ VssQ 

DQo E 


4i] DQ3 

VddQ [T 


^ VddQ 

NC E 


il NC 

VssQ E 


^ VssQ 

DQ1 E 


13 dq2 

VddQ E 

s 

m VddQ 

NC E 

s 

m Vref 

NC E 

(/) 

34 ] NC 

WE E 

(/> 

rsd 

^ DQM 

CAS E 

o 

D CLK 

RAS E 

H 

■0 

lil CKE 

CS E 


D NC 

BA E. 


^ A9 

Aio E 


D A8 

AO E 


^ A7 

A1 E 


ID As 

A2 E 


ID AS 

A3 [2? 


lil A4 

Vdd E 


^ VSS 

Outline 44P3L-B (300mil TSOP) 

NC : NO CONNECTION 
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BASIC FUNCTIONS 

The M5M4S16S21CTP provides basic functions, bank (row) 
activate, burst read / write, bank (row) precharge, and auto / self 

refresh. _ _ 

Each command is defined by control signals of RAS, CAS and 
WE at CLK rising edge. In addition to 3 signals, CS ,CKE and Aio 
are used as chip select, refresh option, and precharge option, 
respectively. 

To know the detailed definition of commands, please see the 
command truth table. 



Chip Select: L=select, H=deselect 
Command \ 

Command 


Command 


define basic commands 


/ 

Refresh Option ©refresh command 

Precharge Option ©precharge or read/write command 


Activate (ACT) [ RAS=L, CAS=WE=H] 

ACT command activates a row in an idle bank indicated by BA. 

Read (READ) [^=H, C^=L, WE=H] 

READ command starts burst read fro m the active bank indicated 
by BA. First output data appears after CAS latency. When Aio=H 
at this command, the bank is deactivated after the burst read 
(auto-precharge, READ A). 


Write (WRITE) [ RAS=H, CAS=WE=L] 

WRITE command starts burst write to the active bank indicated by 
BA. Total data length to be written is set by burst length. When 
Aio=H at this command, the bank is deactivated after the burst 
write (auto-precharge, WRITE A). 


Precharge (PRE) [RASsL, CAS=H, WE=L] 

PRE command deactivates the active bank indicated by BA. This 
command also terminates burst read / write operation. When Aio 
=H at this command, both banks are deactivated (precharge all, 
PRE A). 


Auto-Refresh (REFA) CRAS=CAS=L, WE=CKE=H] 

REF A command starts auto-refresh cycle. Refresh address 
including bank address are generated internally. After this 
command, the banks are precharged automatically. 
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COMMAND TRUTH TABLE 


Command 

Mnemonic 

CKE 

n-1 

CKE 

n 

CS 

RAS 

CAS 

WE 

BA 

Alo 

Ao~9 

Deselect 

DESEL 

H 

X 

H 

X 

X 

X 

X 

X 

X 

No Operation 

NOP 

H 

X 

L 

H 

H 

H 

X 

X 

X 

Row Address Entry & 

Bank Activate 

ACT 

H 

B 

B 

B 

H 

H 

V 

B 

V 

Single Bank Precharge 

PRE 

H 

X 

L 

L 

H 

L 

V 

L 

X 

Precharge All Banks 

PREA 

H 

X 

L 

L 

H 

L 

V 

H 

X 

fmssmBsmsm 

WRITE 

H 

X 

L 

H 

L 

L 

V 

L 

V 

Column Address Entry & Write 
with Auto-Precharge 

WRITEA 

H 

B 

B 

H 

B 

B 

V 

H 

V 

l■a[l!fflfJ!l!Ma!la!l=g^ 

READ 

H 

X 

L 

H 

L 

H 

V 

L 

V 

Column Address Entry & Read 
with Auto-Precharge 

READA 

H 

B 

B 

H 

B 

H 

V 

H 

V 

Auto-Refresh 

REFA 

H 

H 

L 

L 

L 

H 

X 

X 

X 

Self-Refresh Entry 

REFS 

H 

L 

L 

L 

L 

H 

X 

X 

BB 

Self-Refresh Exit 

REFSX 

L 

H 

H 

X 

X 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

■mm 

X 

X 

Burst Terminate 

TERM 

H 

X 

L 

H 

H 

L 

X 

X 

X 

... 

MRS 

H 

X 

L 

L 

L 

L 

L 

L 

V*1 


H=High Level, L=Low Level, V=\/alid, X=Don't Care, n=CLK cycle number 
Note 1. A7~A9 =0, Ao~A6 =Mode Address 
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Current state 


IDLE 



BA 


BA, CA, Aio 


H BA.RA 


BA, Aio 


Op-Code, 

Mode-Add 


BA, CA, Aio 


H BA, RA 


BA, Aio 


H 


Command 


DESEL 


NOP 


TBST 


READ / WRITE 


ACT 


PRE/PREA 


REFA 


Action 


NOP 


NOP 


ILLEGAL *2 


ILLEGAL *2 


Bank Active, Latch RA 


NOP *4 


Auto-Refresh *6 


Mode Register Set *5 



NOP 


NOP 


NOP 


Begin Read, Latch CA, 
Determine Auto-Precharge 


WRITE/WRITEA Begin Write Uteh CA 

Determine Auto-Precharge 


Bank Active / ILLEGAL *2 


Precharge / Precharge All 


ILLEGAL 


READ / READA 


ACT 


PRE/PREA 


REFA 


READ/READA 


NOP (Continue Burst to END) 


NOP (Continue Burst to END 


Terminate Burst 


Terminate Burst, Latch CA, 
Bigin New Read, Determine 
Auto-Precharge *3 


Terminate Burst, Latch CA, 
WRITE / WRITEA Begin Write, Determine Auto- 
Precharge *3 


Bank Active / ILLEGAL *2 


ACT 


PRE/PREA 


REFA 



NOP (Continue Burst to END 


NOP (Continue Burst to END) 


Terminate Burst 


Terminate Burst, Latch CA, 
Bigin Read, Determine Auto- 
Precharge *3 


Terminate Burst, Latch CA, 
WRITE / WRITEA Begin Write, Determine Auto- 
Precharge *3 


Bank Active / ILLEGAL *2 


Terminate Burst, Precharge 


ILLEGAL 


READ/READA 


ACT 


PRE/PREA 


Op-Code, 

Mode-Add 
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FUNCTION TRUTH TABLE (Cont.) 


Current state 


READ with 
AUTO 

PRECHARGE 


WRITE with 
AUTO 

PRECHARGE 


PRECHARGING 


ROW 

ACTIVATING 


WRITE 

RECOVERING 


Command 


DESEL 


NOP 


TBST 


READ/READA 


Action 


NOP (Continue Burst to END) 


NOP (Continue Burst to END) 


ILLEGAL 


ILLEGAL 
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FUNCTION TRUTH TABLE (Cont.) 


Current state 

1^9 

iisudi 


1^3 

Address 

Command 

Action 1 

REFRESHING 

H 

X 

X 

X 

X 

DESEL 


L 

H 

H 

H 

X 

NOP 

NOP (Idle after tRc) 

L 

H 

H 

L 

BA 

TBST 

ILLEGAL 

L 

H 

L 

X 

BA, CA, Aio 

READ / WRITE 

ILLEGAL 

L 

L 

H 

H 

BA, RA 

ACT 

ILLEGAL 

L 

L 

H 

L 

BA, Aio 

PRE/PREA 

ILLEGAL 

L 

L 

L 

H 

X 

REFA 

ILLEGAL 


B 

B 

B 

Op-Code, 

Mode-Add 

MRS 

ILLEGAL 

MODE 

REGISTER 

SETTING 

H 

X 

X 

X 

X 

DESEL 

NOP (Idle after tRSC) 

L 

H 

H 

H 

X 

NOP 

NOP (Idle after tRSC) 

L 

H 

H 

L 

BA 

TBST 

ILLEGAL 

L 

H 

L 

X 

BA, CA, Aio 

READ / WRITE 

ILLEGAL 

L 

L 

H 

H 

BA. RA 

ACT 

ILLEGAL 

L 

L 

H 

L 

BA, Aio 

PRE/PREA 

ILLEGAL 

L 

L 

L 

H 

X 

REFA 

ILLEGAL 

a 

B 

B 

B 

Op-Code, 

Mode-Add 

MRS 

ILLEGAL 


ABBREVIATIONS : H=Hlgh Level, L=Low Level, X=Don't Care 

BA=Bank Address, RA=Row Address, CA=Column Address, NOP=No Operation 


Note 1. All entries assume that CKE was High during the preceding clock cycle and the current clock cycle. 

2. ILLEGAL to bank In specified state; function may be legal in the bank indicated by BA, depending on the state of that bank. 

3. Must satisfy the ■2n-rule“, bus contention, bus turn around, write recovery requirements. 

4. NOP to bank precharging or in idle state. May precharge bank indicated by BA. 

5. ILLEGAL If any bank is nof idle. 

ILLEGAL = Device operation and/or data-integrity are not guaranteed. 
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FUNCTION TRUTH TABLE for CKE 


Current state 

CKE 

n-1 

CKE 

n 

CS 

RAS 

CAS 

WE 

. Add 

Action 

SELF¬ 
REFRESH *1 

H 

X 

X 

X 

X 

X 

X 

INVALID 

L 

H 

H 

X 

X 

X 

X 

Exit Self-Refresh (Idle after tRc) 

L 

H 

L 

H 

H 

H 

X 

Exit Self-Refresh (Idle after tRC) 

L 

H 

L 

H 

H 

L 

X 

ILLEGAL 

L 

H 

L 

H 

L 

X 

X 

ILLEGAL 

L 

H 

L 

L 

X 

X 

X 

ILLEGAL 

L 

L 

X 

X 

X 

X 

X 

NOP (Maintain Seif-Refresh) 

POWER DOWN 

H 

X 

X 

X 

X 

X 

X 

INVALID 

L 

H 

X 

X 

X 

X 

X 

Exit Power Down to idle 

L 

L 

X 

X 

X 

X 

X 

NOP (Maintain Self-Refresh) 

ALL BANKS 

IDLE*2 

H 

H 

X 

X 

X 

X 

X 

Refer to Function Truth Table 

H 

L 

L 

L 

L 

H 

X 

Enter Self-Refresh 

H 

L 

H 

X 

X 

X 

X 

Enter Power Down 

H 

L 

L 

H 

H 

H 

X 

Enter Power Down 

H 

L 

L 

H 

H 

L . 

X 

ILLEGAL 

H 

L 

L 

H 

L 

X 

mam 

ILLEGAL 

H 

L . 

L 

L 

X 

X 


ILLEGAL 

L 

X 

X 

X 

X 

X 

X 

Refer to Current State =Power Down 

ANY STATE 
other than 
listed above 

H 

H 

X 

X 

X 

X 

X 

Refer to Function Truth Table 

H 

L 

X 

X 

X 

X 

X 

Begin CLK Suspend at Next Cycle *3 

L 

H 

X 

X 

X 

X 

X 

Exit CLK Suspend at Next Cycle *3 

L 

L 

X 

X 

X 

X 

X 

Maintain CLK Suspend 


ABBREVIATIONS ; H=Hlgh Level, L=Low Level, X=Dont Care 


Note 1. CKE Low to High transition will re-enable CLK and other Inputs asynchronously. A minimum setup time must be satisfied before any command other 
than EXIT. 

2. Power-Down and Self-Refresh can be entered only from the All Banks Idle State. 

3. Must be legal command. 
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SIMPUnED STATE DIAGRAM 


SELF 

REFRESH 


MODE 

REGISTER 

SET 


AUTO 

REFRESH 


CLK 

SUSPEND 


WRITEA READA 


WRITE 

SUSPEND 


READ 

SUSPEND 


WRITEA 

SUSPEND 


READA 

SUSPEND 


POWER 

APPLIED 



PRE 

CHARGE 


Automatic Sequence 


Command Sequence 
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POWER ON SEQUENCE 

Before starting normal operation, the following power on sequence 
is necessary to prevent a SDRAM from damaged or 
malfunctioning. 

1. Apply power and start clock. Attempt to maintain CKE high, 
DQM high and NOP condition at the inputs. 

2. Maintain stable power, stable clock, and NOP input conditions 
for a minimum of SOOps. 

3. Issue precharge commands for all banks. (PRE or PREA) 

4. After all banks become idle state (after tRP), issue 8 or more 
auto-refresh commands. 

5. Issue a mode register set command to initialize the mode 
register. 

After these sequence, the SDRAM is idle state and ready for 
normal operation. 

MODE REGISTER _ 

Burst Length, Burst Type and CAS Latency can be programmed 
by setting the mode register (MRS). The mode register stores 
these data until the next MRS command, which may be issued 
when both banks are in idle state. After tRsc from a MRS 
command, the SDRAM is ready for new command. 


CLK 

CS 
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16777216-BIT (2-BANK x 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 


OPERATIONAL DESCRIPTION 


BANK ACTIVATE 

The SDRAM has two independent banks, Each bank is activated 
by the ACT command with the bank address (BA). A row is 
indicated by the row address Aio~o. The minimum activation 

interval between one bank and the other bank is Irrd. 


PRECHARQE 

The PRE command deactivates the bank indicated by BA. When 
both banks are active, the precharge all command (PREA, PRE+ 
Aio=H) is available to deactivate them at the same time. After tRP 
from the precharge, an ACT command can be issued. 


Bank Activation and Precharge Alt (BL=4, CL=3) 


CLK 


Command 


Ao~9 


Aio 


BA 


DQ 





Precharge all 


READ 

After tRCD from the bank activation, a RE AD c ommand can be 
issued. 1st output data is available after the CAS Latency from the 
READ, followed by (BL-1) consecutive data when the Burst Length 
is BL. The start address is specified by A8~o (x8) / A9~o (x 4), and 
the address sequence of burst data is defined by the Burst Type. A 
READ command may be applied to any active bank, so the row 
precharge time (tRP) can be hidden behind continuous output data 
(in case of BL=8) by interleaving the dual banks. When Aio is high 
at a READ command, the auto-precharge (READA) is performed. 
Any command (READ, WRITE, PRE, ACT) to the same bank is 
inhibited till the internal precharg e is complete. The internal 
precharge start timing depends on CAS Latency. The next ACT 
command can be issued after tRP from the internal precharge 
timing. 
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Dual Bank Interleaving READ (BL=4, CLs3) 


CLK 


Command 


Ao~9 


ACT 


' READ ACT I 

i i rtncp";^ ^ 


Xa 


■1 - 1 ^ 


I READ PRE I 

\ i 


Xb 


Aio 


BA 


DQ 


ra; 


X 


Xb 




X 


5 


E 


QaO 


i3^ 


Qa3 QbO 


CAS latency 


Qbl Qb2 

— I * -I— 


Burst length 


READ with Auto-Precharge (BL=4, CL=3) 

_hjn_Kh_hLAAAhJ'i.hLhJ~^ 


CLK 


Command 


Ao- 


Aio 


I TTcrt 


I READ I 


ACT 


] 


! - i-- -— I -►! \ : : ; - i— — i -►! ; : 

1 1 - 1 

ZlJ _ 

Xa 





IQI 

' 1 

Xa 



EM— 

0 I 

° 1 i 

0 


1 — 1 

DQ -1-^ 



: i 1 h 




Qa3 


1 

1 



1 ■ I I ' 

WKKMtM 

L_P_J 

1 1 t 

1 1 1 


Internal precharge begins 


READ Auto-Precharge Timing (BL=4) 

_hLh_rLh_rLhJiJTAAA.K.^^ 


CLK 



Internal precharge start timing 
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WRITE 

After tRCD from the bank activation, a WRiTE command can be 
issued. 1st input data is set at the same cycie as the WRITE. 
Following (BL-1) data are written into the RAM, when the Burst 
Length is BL. The start address is specified by A8~o {x8) / A9~o 
(x4), and the address sequence of burst data is defined by the 
Burst Type. A WRITE command may be applied to any active 
bank, so the row precharge time (tRP) can be hidden behind 
continuous input data (in case of BL=8) by interleaving the dual 
banks. From the last input data to the PRE command, the write 
recovery time (tWR) is required. When Aio is high at a WRITE 
command, the auto-precharge (WRITEA) is performed. Any 
command (READ, WRITE, PRE, ACT) to the same bank is 
inhibited till the internal precharge is complete. The internal 
precharge begins at twR after the last input data cycle. The next 
ACT command can be issued after tRP from the internal precharge 
timing. 


Dual Bank Interleaving WRITE (BL=4) 


CLK 


Command 


Ao~9 


Aio 


BA 


! ! I ! I 





! 1 ! i 1 

ACT Write 

ACT 

1 Write 

PRE 


DQ 


Xa 


tRCD 


tRCD 


Xb 


tWR 


□ 

1 1 


1 ° 1 

”■ i 

_Ll_ 

1 ° 1 



; 

1 


1 

; 

1 

1 

1 

1 

1 

1 

1 

; 

; 


1"" 

1 ° 1 


1 ° 1 

1 1 I 



1 1 I 

I ° 

I . ; . 










I 



L_ 



1 OaO 1 

I I 

1 1 

1 Da3 1 

I DbO 

I I 

I Db2 I 

Db3 I 


: Burst length ; 

◄- - -► 


WRITE with AutO'Precharge (BL=4) 


CLK 


Command 


Ao~9 


Aio 


BA 

DQ 
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Internal precharge begins 
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BURST INTERRUPTION 
(Read Interrupted by Read) 

Burst read operation can be interrupted by new read of the same 
or the other bank. As M5M4S16S31CTP/ M5M4S16S21CTP adopt 
2 -words parailel transfer architecture to realize very high speed 
data rate, JEDEC 2n-rule is required, where 2, 4 or 6 read to read 
interval is allowed in case of BL=8. 


Read Interrupted by Read (BLs8, CLsS) 


CLK 




Command | 

Ao~9 I 

, Aio j 

iraiif 

READ 


READ 

I 

READ 


i \ ; 

K i 

N 

i 


N 







Yj 


Yk 

I 

Yl 


I i \ 


j 


i : 

; 


1 

1 

1 

■■m 


0 


0 

I ° 

1 


I I I 

i 

i i i i \i i : 

BA I 

I ° 


1 

..L° 



1-i 1 


iN 

. I !\ I ; ; !\ i I 

DQ 

-^^-H- 


QaiO 

Qai1 I 

QajO 

Qaj1 QbkO 

Qbkl 

Qbk2 

Qbk3 

QalO 

Qal1 



i 1 

t 1 

I 

1 

1 

I I 


1 


1 

1 



(Read Interrupted by Write) 

Burst read operation can be interrupted by write of the same or the 
other bank. JEDEC 2n-rule also must be kept here. In this case, 
the DQ should be controlled adequately by using the DQM to 
prevent the bus contention. The output is disabled automatically 2 
cycles after WRITE assertion. 


Read Interrupted by Write (BL=8, CL=3) 



-M- 


DQM control 


Write control 
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16777216-BIT (2-BANK x 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 


[Write Interrupted by Write] 

Burst write operation can be interrupted by new write of the same 
or the other bank. JEDEC 2n-ruie aiso must be kept. 2,4 or 6 write 
to write intervai is ailowed in case of BL=8. 


Write Interrupted by Write (BL=8) 


CLK 


Command 


Ao~9 


Aio 


BA 

DQ 



1 } Write 1 Write | | Write 


; Write i 

i 



1 

i i ! 1 1 I 

1 


Yj 1 1 Yk 



Yl 1 

1 

III;: 


1 

1 I 1 1 1 1 

0 1 0 1 0 


°j . 

I ! ! ! 1 1 ! 

! 1 ! 1 ! 1 1 

0 

° 1.1 ^ ^.l:.1 ° 1. 

1 

1 


_ DaiO 

Dai1 DajO Daj1 DbkO 

Dbkl 

Dbk2 

Dbk3 DalO 

Dal1 Dal2 

Dal3 

Dal4 


[Write Interrupted by Read] 

Burst write operation can be interrupted by read of the same or the 
other bank. JEDEC 2n-rule aiso must be kept here. The input data 
on DQ at the interrupting READ cycie is "don't care". 


Write interrupted by Read (BL=8, CL=3) 


0- 

Command 

Write I 

READ I 


1 Write 1 



READ 

! ! ! I ! ! I I 

J 

1 j 

J 

! 1 

Ao~9 

_Yi I 


Yk 1 



1 Yl 
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1 1 

Aio I 
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1 0 
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1 

1 ' 1 
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DQ 
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(Write Interrupted by Precharge] 

Burst write operation can be interrupted by precharge of the same 
bank. JEDEC 2n-rule also must be kept here. Because the write 
recovery time (twR) is required between the last input data and the 
next PRE, 4th data should be masked with DQM shown as below. 


Write Interrupted by Precharge (BL=8) 



(Write Interrupted by Burst Terminate] 

Burst terminate command can terminate burst write operation. In 
this case, the write recovery time is not required and the bank 
remains active. The figure below shows the case 4 words of data 
are written. JEDEC 2n-rule also must be kept here. 


Write Interrupted by Burst Terminate (BL=8) 


CLK 

Command 






DQM 
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AUTO REFRESH 

Singl e cycle of auto-refresh is initiated with a REFA (CS=RAS= 
CAS=L, WE=CKE=H) command. The refresh address is generated 
internally. 4096 REFA cycles within 64ms refresh 16Mbit memory 
cells. The auto-refresh is performed on each bank alternately 
(ping-pong refresh). Before performing an auto-refresh, both banks 
must be in the idle state. Additional commands must not be 
supplied to the device before tRC from the REFA command. 


Auto-Refresh 


CLK 

WE 

CKE 


Ao~io 


BA 



Auto refresh on bank 0 


Auto refresh on bank 1 
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SELF REFRESH 

Self- r efres h mode is entered by issuing a REFS command (CS= 
RAS=CAS=L, WE=H, CKE=L). Once the self-refresh is initiated, it 
is maintained as long as CKE is kept low. During the self-refresh 
mode, CKE is asynchronous and the only enabled input (but 
asynchronous), all other inputs including CLK are disabled and 
ignored, and power consumption due to synchronous inputs is 
saved. To exit the self-refresh, supplying stable CLK inputs, 
asserting DESEL or NOP command and then asserting CKE 
(REFSX). After tRC from REFSX both banks are in the idle state 
and a new command can be issued after tRC, but DESEL or NOP 
commands must be asserted till then. 
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16777216-BIT (2-BANK x 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 


CLK SUSPEND 

CKE controls the internal CLK at the following cycle. Figure below 
shows how CKE works. By negating CKE, the next internal CLK is 
suspended. The purpose of CLK suspend is power down, output 
suspend or input suspend. CKE is a synchronous input except 
during the self-refresh mode. CLK suspend can be performed 
either when the banks are active or idle, but a command at the 
following cycle is ignored. 


ext.CLK 


CKE 


int.CLK 



Power Down by CKE 


CLK 

CKE 

Command 

CKE 

Command 


_riiTAA_rijn_rLAArLrij^^ 


stand-by power down 


C” 

PRE [ 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 


Active power down 


LZ 

ACT 


1 NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 


DQ Suspend by CKE 
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1 1 

zz 

1 1 

1 1 
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DQM CONTROL 

DQM is a dual function signal defined as the data mask for writes 
and the output disable for reads. During writes, DQM masks input 
data word by word. DQM to write mask latency is 0. During reads, 
DQM forces output to Hi-Z word by word. DQM to output Hi-Z 
latency is 2. 


DQM Function 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 

Parameter 

Conditions I 

Ratings 

Unit 

Vdd , 

Supply voltage 


-0.5~4.6 

V 

VddQ 

Supply voltage for output 

With respect to VssQ 

-0.5~4.6 

V 

Vi 

Input voltage 

With respect to Vss 

-0.5~4.6 

V 

Vo 

Output voltage 

With respect to VssQ 

-0.5~4.6 

V 

1 0 

Output current 


50 

mA 

Pd 

Power dissipation 

Ta=25*C 

1000 

mW 

Topr 

Operating temperature 


o 

1 

o 

*0 

Tstg 

Storage temperature 


1 -65 ~ 150 1 

•c 





RECOMMENDED OPERATING CONDITIONS (Ta=0~70”C, unless otherwise noted) 


Symbol 

Parameter 

Limits 

Unit 

Min 

Norn 


Vdd 

Supply voltage 

3.0 

3.3 

3.6 

V 

Vss 

Supply voltage 

0 

0 

0 

V 

VddQ 

Supply voltage for output 

3.0 

3.3 

3.6 

V 

VssQ 

Supply voltage for output 


0 

0 

V 

Vref 

Input reference voltage 

1.3 

1.5 

1.7 

V 

ViH 

High-level input voltage, all inputs 




V 

VIL 

Low-level input voltage, all inputs 

-0.3 


VREF-0.4 

V 

Vtt 

Termination voltage 




V 


CAPACITANCE (Ta=0~70°C, Vdd=VddQ=3.3±0.3V, Vss=VssQ=OV, Vref=0.45XVddQ, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Typ 

Max 

Cl (A) 

Input capacitance, address pin 

Vi=Vss 

f=1MHz 

Vi=25mVrms 



5 

PF 

Ci(C) 

Input capacitance, control pin 



5 

PF 

Cl(K) 

Input capacitance, CLK pin 



5 

pF 

Cl/0 

Input capacitance, I/O pin 



7 

pF 


AVERAGE SUPPLY CURRENT from Voo (Ta=0~70°C, Vdd=VddQ=3.3±0.3V, Vss=VssQ=OV, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

M5M4S16S21CTP 


1 -8 1 

1 -10 I 




Iccis 

Operating current, single bank 

tRC=min, tCLK=min, BL=1, CL=3 or 4 

155 

140 

115 

mA 

Iccid 

Operating current, dual bank 

tRc=min, tCLK=min, BL=1, CL=3 or 4 

230 

205 

170 

mA 

ICC2h 

Stand-by current, CKE=H 

Both banks idle, tcLK=min, CKE=H 

65 

60 

50 

mA 

local 

Stand-by current, CKE=L 

^ssmmmssmaE^am 

10 

9 

7 

mA 

|CC3 

Active stand-by current 

Both banks active, tcLK=min, CKE=H 

95 

80 

65 

mA 

|CC4 

Burst current 

tcLK=min, BL=4, CL=3 or 4,1 bank idle 

120 

MEM 

80 

mA 

Ibcs 

Auto-refresh current 

tRC=min, tCLK=min 

140 

125 

105 

mA 

|CC6 

Self-refresh current 


8 

8 

8 

mA 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Ta=0~70°C, Vdd=VddQ=3.3±0.3V, Vss=VssQ=OV, Vtt=0.45XVddQ, unless otherwise noted) 


Symbol 

Parameter 

Test conditions 

Limits 

Unit 

Min 

Max 

VOH(DC) 

High-level output voltage (DC) 

IOH=16mA 

Vtt+0.8 


V 

VOL(DC) 

Low-level output voltage (DC) 

loL=16mA 


Vtt-0.8 

V 

loz 

Off-state output current 

Q floating Vo=0 ~ VddQ 

-10 

10 

pA 

ll 

Input current 

ViH = 0 ~ VDDQ+0.3V 

-10 

10 
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AC TIMING REQUIREMENTS (Ta=0-70°C, Vdd=VodQ=3.3±0.3V, Vss=VssQ=OV, VREF=0.45XVbDQ, unless otherwise noted) 

Input pulse levels- Vref±0.4V 

Input timing measurement level- Vref 


Symbol 

Parameter 

Limits 

Unit 

M5M4S16S21CTP-7 

M5M4S16S21CTP-8 

M5M4S16S21CTP-10 

Min 

HOI 

Min 


Min 


tCLK 

CLK cycle time 

CL=1 

27 


28 


30 


ns 

CL=2 

13.5 


14 


15 


ns 

CL=3 

9 


9.5 


10 


ns 

CL=4 

6.7 


8 


10 


ns 

tCH 

CLK high pulse width 



3 


4 


ns 

tCL 

CLK low pulse width 

2.5 


3 


4 


ns 

tT 

Transition time of CLK 

1 

10 

1 

10 

1 

10 

ns 

tiS 

Input setup time (all inputs) 

1.5 


1.5 


2 


ns 

tiH 

Input hold time (all inputs) 

0.5 


1 


1 


ns 

tRC 

Row cycle time 

80 


90 


100 


ns 

tRCD 

Row to column delay 

21 


24 


30 


ns 

tRAS 

Row active time 

50 


55 

■MtHItX 

60 

■umim 

ns 

tRP 

Row precharge time 

28 


32 


40 


ns 

tWR 

Write recovery time 

14 


16 


20 


ns 

tRRD 

Act to act delay time 

21 


24 


30 


ns 

tRSC 

Mode register set cycle time 

14 


16 


20 


ns 

tPDE 

Power down exit time 

7 


8 


10 


ns 

tREF 

Refresh interval time 







ms 



Hotics- totVrts i 


CLK 


Signal 






H-H 


vref 


VREF 


Any AC timing is referenced 
to the input signai crossing 
through the VREF levei. 
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SWITCHING CHARACTERISTICS (Ta=0~70°C, \/dd=VddQ=3.3±0.3V, Vss=VssQ=OV, unless otherwise noted) 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 


JAPAN =====^^======== 

Overseas Marketing Division 
Semiconductors 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telephone: (03)3218-2863 
Facsimile: (03)3218-2852 

Overseas Marketing Manager 

Kita-ltami Works 

4-1, Mizuhara, Itami-shi, 

Hyogo-ken 664, Japan 
Telephone: (0727)82-5131 
Facsimile: (0727) 72-2329 

HONG KONG 

Mitsubishi Electric (H.K.) Ltd, 

41st fl., Manulife Tower, 169, 

Electric Road, North Point, Hong Kong 
Telephone: 510-0555 
Facsimile: 510-9830, 510-9822, 
510-9803 

SINGAPORE - 

Mitsubishi Electric Sales Singapore Re 
Ltd 

307 Alexandra Road #05-01/02 
Mitsubishi Electric Building 
Singapore 159943 
Telephone: 4732308 
Facsimile: 4738944 

TAIWAN 

MELCO-TAIWAN CO., Ltd. 

1st fl., Chung-Ling Bldg., 

363, Sec. 2, Fu-Hsing S Road, 

Taipei R.O.C. 

Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 

U.S.A. =======^^^==============^ 

NORTHWEST 

Mitsubishi Electronics America, Inc. 
1070 East Argues Avenue 
Sunnyvale, CA 94086 
Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 

SOUTHWEST 

Mitsubishi Electronics America, Inc. 
5665 Plaza Drive 
Cypress, CA 90630-0007 
Telephone: (714) 236-6270 
Facsimile: (714)236-6184 

ROCKY MOUNTAIN 

Mitsubishi Electronics America, Inc. 
1113 Spruce Street, Suite 503 
Boulder, CO 80302 
Telephone: (303) 546-6300 
Facsimile: (303) 546-6242 

NORTHERN 

Mitsubishi Electronics America, Inc. 
9800 Bren Road East, Suite 243 
Minnetonka, MN 55343-9671 
Telephone: (612) 938-7779 
Facsimile: (612)938-5125 

NORTH CENTRAL 

Mitsubishi Electronics America, Inc. 

800 N. Bierman Court 
Mt. Prospeot, IL 60056 
Telephone: (708) 298-9223 
Facsimile: (708) 803-4224 


SOUTH CENTRAL 

Mitsubishi Electronics America, Inc. 

9000 Royal Lane 

Irving, TX 75063 

Telephone: (214)929-0046 

Facsimile: (214)929-5363 

NORTHEAST 

Mitsubishi Electronics America, Inc. 

200 Unicorn Park Drive 
Woburn, MA 01801 
Telephone: (617)937-4300 
Facsimile: (617)938-1075 

MID-ATLANTIC 

Mitsubishi Electronics America, Inc, 

800 Cottontail Lane 
Somerset, NJ 08873 
Telephone: (908) 469-8833 
Facsimile: (908)469-1909 

SOUTH ATLANTIC 
Mitsubishi Electronics America, Inc. 
2500 Gateway Center Blvd., Suite 500 
Cary, NC 27560 
Telephone: (919)460-0404 
Facsimile: (919)460-6205 

SOUTHEAST 

Mitsubishi Electronics America, Inc. 
Town Executive Center 
6100 Glades Road #210 
Boca Raton, FL 33433 
Telephone: (407) 487-7747 
Facsimile: (407) 487-2046 

ATLANTA 

Mitsubishi Electronics America, Inc. 
6100 Atlantic Blvd. 

Norcross, GA 30071 
Telephone: (404) 368-4852 
Facsimile: (404) 662-5208 

SAN DIEGO 

Mitsubishi Electronics America, Inc. 
16980 Via Tazon, Suite 220 
San Diego, CA 92127 
Telephone: (619)451-9618 
Facsimile: (619)592-0242 

NEW YORK 

Mitsubishi Electronics America, Inc. 

300 Westgate Business Cntr., Ste. 160 
Fishkill, NY 12524 
Telephone: (914)896-0896 
Facsimile: (914)896-8639 

PUERTO RICO 

Mitsubishi Electronics America, Inc. 
American Airlines Building, Suite 500 
1509 Lopez Landron 
Santurce, PR 00911 
Telephone: (809) 728-5040 
Facsimile: (809)728-5180 

CANADA = 

Mitsubishi Electric Sales Canada, Inc. 
6185 Ordan Drive, Unit #110 
Mississauga, Ontario, Canada L5T 2E1 
Telephone: (416)670-8711 
Facsimile: (416)670-8715 

Mitsubishi Electronic Sales Canada, 
Inc. 

340 March Road, Suite 502 
Kanata, Ontario, Canada K2K 2E4 
Telephone: (613)591-3348 
Facsimile: (613)591-3948 


GERMANY = 

Mitsubishi Electric Europe GmbH 

Headquarters 

Gothaer Str. 8 

40880 Ratingen, Germany 

Telephone: 2102-486-0 

Facsimile: 2102-486-367 

Mitsubishi Electric Europe GmbH 

Munich Office 

Fraunhoferstr. 

85737 Ismaning, Germany 
Telephone: 89-96 07 94 30 
Facsimile: 89-96 07 94 11 

Mitsubishi Eiectric Europe GmbH 
Stuttgart Office 
Zettachring 12 
70567 Stuttgart, Germany 
Telephone: 711-728 74 70 
Facsimile: 711-72 47 21 

Mitsubishi Electric Europe GmbH 
Frankfurt Office 
(Power Semiconductors) 
Promenadenstr. 16 
64625 Bensheim, Germany 
Telephone: 6251-62097 
Facsimile: 6251-62099 

FRANCE - ■ - 

Mitsubishi Electric France S. A. 

55, Avenue de Colmar 
92563 Rueil Malmaison Cedex, France 
Telephone: 1-47. 08. 78. 00 
Facsimile: 1-47.51.36.22 

ITALY — 

Mitsubishi Electric Europe GmbH 
Milano Branch Office 
Centro Direzionale Colleoni 
Palazzo Perseo 2 

20041 Agrate Brianza, Milano, Italy 
Telephone: 39-605 31 
Facsimile: 39-605 32 12 

SWEDEN — : - 

Mitsubishi Electric Europe GmbH 
Hammarbacken 14 
19127 Sollentuna, Sweden 
Telephone: 8-625 10 00 
Facsimile: 8-625 10 33 

SPAIN ===== 

MELCO Iberica, S. A. 

Parque Empresarial San Fernando 
Av. de Castilla, 2-Edif, Italia, I. PI. 

28831 San Fernando de Henares 
Madrid, Spain 
Telephone: 1-677 56 53 
Facsimile: 1-677 55 62 

U.K. 

Mitsubishi Electric (U.K.) Ltd. 

Travellers Lane 
Hatfield 

Herts ALIO 8XB, U.K. 

Telephone: 707-27 61 00 
Facsimile: 707-27 86 92 

AUSTRALIA - 

Mitsubishi Electric Australia Pty. Ltd. 
348 Victoria Road 
Rydalmere Nsw 2116, Australia 
Telephone: (2) 684-7777 
Facsimile: (2) 898-0484 
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